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INTRODUCTION. 


The  two  volumes  upon  water  supply  and  sewerage,  which  are  now 
published  under  the  direction  of  the  State  Board  of  Health,  are 
issued  under  the  provisions  of  chapter  80  of  the  Resolves  of  the 
General  Court  of  1889. 

By  the  "  Act  to  protect  the  Purity  of  Inland  Waters,"  >vhich  had 
been  outlined  and  recommended  by  the  Massachusetts  Drainage 
Commission  of  1884,  the  State  Board  of  Health,  soon  after  its  reor- 
ganization in  1880,  was  entrusted  with  the  important  duty  of  carry- 
ing out  the  provisions  of  the  act.  This  act,  as  amended  in  1888,  is 
given  in  full  on  page  xvii. 

The  value  of  this  broad  and  far-reaching  statute  has  already  been 
demonstrated  by  its  application  to  many  of  the  municipalities  of  the 
State,  as  reported  upon  in  the  annual  reports  of  the  Board. 

The  State  Board  of  Health  is  also  required,  by  the  tenns  of  the 
same  act,  "  from  time  to  time,  as  it  may  deem  expedient,  to  cause 
examinations  of  the  waters  to  be  made,  for  the  purpose  of  ascertain- 
ing Avhether  the  same  are  adapted  for  use  as  sources  of  domestic 
water  supplies,  or  are  in  a  condition  likely  to  impair  the  interests 
of  the  public  or  persons  lawfully  using  the  same,  or  imperil  the 
public  health." 

The  Board  is  also  authorized  *'  to  conduct  experiments  to  deter- 
mine the  best  practicable  methods  of  purification  of  drainage  and 
sewage,  or  disposal  of  the  same." 

The  work  of  the  Board  in  performing  these  two  distinct  duties  — 
the  examination  of  water  supplies  and  the  conducting  of  experiments 
upon  sewage  disposal  —  forms  the  subject  of  these  volumes. 


The  general  subject  of  the  first  volume  is  the  examination  of  the 
water  supplies  of  the  State,  and  embraces  not  only  an  examination  of 
the  water  supplies  already  in  use,  but  also  of  the  rivers,  and  of  many 
available  sources  of  supply  not  now  in  use.     The  rapid  increase  of 
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public  water  supplies  in  Massachusetts  in  the  past  twenty  years  has 
made  imperative  the  legislation  which  was  provided  for  by  the  act 
already  referred  to.  Previous  to  the  enactment  of  this  statute,  no 
comprehensive  plan  of  work  had  been  carried  o^it.  The  topography 
of  the  Commonwealth  is  peculiarly  fitted  for  this  comprehensive 
study,  embracing,  as  it  does,  waters  of  varying  character,  from  the 
more  highly  colored  waters  of  the  marshes  and  bogs  of  the  low  lands, 
to  the  clearer  w^aters  of  the  Berkshire  hills,  including  the  polluted 
waters  of  thickly  settled  regions  and  the  unpolluted  waters  of  unin- 
habited regions. 

These  waters  have  been  made  the  object  of  thorough  study  by 
the  engineer,  the  chemist,  the  biologist,  and  by  members  of  the 
Board.  A  large  portion  of  these  pages  covers  a  period  of  two 
years ;  and  in  some  of  the  discussions  the  results  of  the  third  and  a 
portion  of  the  fourth  year's  work  have  been  used.  The  analyses 
made  in  these  years  wull  be  published  in  the  twenty-second  annual 
report  of  the  Board. 

The  final  conclusions  in  regard  to  some  of  these  supplies  must  be 
reserved  until  a  season  of  drought  shall  have  shown  what  changes 
are  possible  under  conditions  widely  difierent  from  those  which  have 
existed  during  the  past  four  years. 

In  the  first  part  of  this  volume  are  presented  the  descriptions  of 
the  water  works  of  the  State,  embracing  one  hundred  and  thirty- 
five  supplies  furnished  to  cities  and  towns  and  to  a  portion  of  the 
public  institutions  of  the  State.  The  number  of  cities  and  towns  to 
which  water  is  furnished  is  greater,  since,  in  several  instances,  two 
or  more  municipalities  are  supplied  by  one  system  of  works.  An 
alphabetical  arrangement  has  been  adopted  for  this  portion  of  the 
volume,  as  the  most  convenient  for  the  sake  of  reference,  so  that 
any  system  of  water  works  may  be  found  under  the  name  of  the 
city  or  town  to  which  the  water  is  furnished.  Analyses  of  the  water 
of  several  sources  which  have  not  been  used  as  water  supplies  are 
also  presented,  as,  for  example,  several  of  the  large  ponds  in  Barn- 
stable and  Plymouth  counties. 

The  following  table  comprises  all  the  cities,  towns  and  public 
institutions  embraced  in  the  list : — 
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The  principal  points  presented  with  reference  to  each  water  sup- 
ply are,  the  population  of  the  city  or  town  supplied,  the  date  of 
introduction  of  water,  description  of  the  source  or  sources  of  sup- 
ply, area  and  depth  of  ponds  or  reservoirs,  general  character  of  the 
water-shed  or  drainage  area,  and  method  of  distribution.  To  this  is 
appended  in  each  case  a  table  containing  the  results  of  the  chemical 
and  microscopical  examinations  of  the  waters,  as  reported  by  the 
chemists  and  biologists  of  the  Board.  These  examinations  cover  a 
period  of  two  years,  beginning  with  midsummer  of  1887,  and  form 
a  history  of  the  condition  of  the  waters  of  the  State  for  that  period. 
No  statements  are  made  in  this  portion  of  the  volume  having  refer- 
ence to  the  quality  of  the  water  as  shown  by  these  analyses.  Much 
information  upon  this  point  will  be  found  in  subsequent  portions  of 
the  report,  especially  in  the  sections  entitled  '*  Classification  of 
Water  Supplies,"  "Interpretation  of  Analyses,"  and  "Discussion 
of  Special  Topics,"  reference  to  which  may  be  found  in  the  very  full 
and  carefully  prepared  index  at  the  close  of  the  volume. 

The  next  section  contains  the  descriptions  of  the  river  basins  of 
the  State,  also  arranged  in  alphabetical  order,  the  smaller  tributa- 
ries being  treated  in  connection  with  the  rivers  into  which  they 
flow.  The  descriptions  embrace  a  general  statement  of  the  direc- 
tion of  flow  of  streams,  the  area  of  the  water-shed,  the  density  of 
the  population  on  the  dminage  area,  and  an  examination  of  the 
special  sources  of  pollution  from  the  manufacturing  wastes  upon 
each  stream.  The  chemical  and  microscopical  examinations  are 
arranged  in  the  same  general  order  as  in  the  preceding  section 
relating  to  water  supplies ;  the  points  at  which  samples  were  taken 
were  selected  with  special  reference  to  the  object  of  ascertaining  the 
character  of  the  stream,  and  the  effect  of  pollution  upon  it,  from  its 
source  to  its  mouth. 

The  following  list  embmces  the  principal  rivers  which  are  treated 
in  this  section  :  — 

Blaekstone  River.  Iloosac  River.  Neponset  River. 

Charles  "  Ilousatonie  River.  Shawsheeii    " 

Chicopee         "  Ipswich  "  Stony  Brook,  Boston. 

Concord  "  Merrimack      "  Taunton  River. 

Connecticut    "  Miller's  "  Ten  Mile     " 

Deerfield         "  Nashua  "  Westfield    " 

Professor  Drown  describes  the  method  of  collecting  the  samples 
and  the  processes  employed  in  the  chemical  analysis  of  the  waters. 
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and y  in  the  section  upon  **  Iifterpretation  of  the  Chemicjil  Analy- 
sis," discusses  the  question  of  the  actual  value  of  such  analysis  from 
a  sanitary  stand-point.  A  general  classification  into  surface  and 
ground  waters  is  presented,  and  the  relation  of  sewage  pollution 
to  such  waters  is  treated.  Other  characteristics,  such  as  the  taste, 
color  and  odors  of  surface  waters,  are  also  considered.  The  inter- 
pretation of  the  chlorine  and  of  the  nitrogen  compounds  in  water, 
and  their  value  as  indicative  of  actual  sewage  pollution,  are  fully 
discussed  The  extent  of  the  territory  covered  by  the  water  exam- 
inations of  the  Board,  and  the  large  number  of  such  examinations, 
has  enabled  the  chemist  to  present  very  clearly  (see  chlorine  map 
facing  page  680)  the  ratio  of  noniial  chlorine  in  the  different  regions 
of  the  State,  beginning  with  relatively  high  ratios  at  the  sea-boai-d, 
and  diminishing  toward  the  western  border  of  the  State.  The  excess 
above  the  normal  ratio  becomes  an  index  of  the  amount  of  present 
or  previous  pollution  in  each  source,  and  consequently  an  approxi- 
mate index  of  the  population  contributing  such  pollution. 

The  difficult  subject  of  the  significance  of  the  nitrogen  compounds 
is  discussed,  and  the  fallacy  of  establishing  rigid  standards  of 
purity  based  upon  them  is  clearly  shown. 

Two  important  conclusions  are  emphasized:  (1)  that  a  single 
determination  in  a  chemical  analysis  of  a  water  cannot  inform  us  of 
its  real  condition ;  (2)  that  one  complete  analysis  of  a  sample  tells 
us  only  what  the  condition  of  the  water  was  when  the  sample  was 
taken. 

Some  of  the  contributions  to  present  knowledge  of  the  subject 
which  have  been  developed  by  the  chemists  in  the  course  of  the  • 
study  of  the  subject  —  many  of  them  new  —  may  be  enumerated  as 
follows :  — 

1.  The  distinction  between  noimal  and  polluted  waters. 

2.  The  chemical  evidence  of  pollution  in  waters. 
•    3.    Normal  chlorine. 

4.  The  idea  of  permanence,  and  of  various  degrees  of  susceptibility 
to  decay  in  organic  matter  in  w^atcr. 

5.  The  absence  of  dissolved  oxygen,  and  the  putrefactive  changes 
of  organic  matter  in  some  waters  at  considerable  depths. 

6.  The  effect  of  growing  plants  in  obliterating  evidences  of  decay. 

7.  The  chemical  evidence  of  bacterial  action  in  the  state  of  change 
of  organic  matter. 
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8.  The  essential  differences  in  character  of  surface  and  ground 
waters  which  influence  the  interpretation  of  analyses. 

9.  Tiie  influence  of  the  season  of  the  year  on  the  composition  of 
surface  water's. 

Mr.  Parker's  report  deals  with  the  organisms  (bacteria  excepted) 
which  are  found  in  the  public  water  supplies  of  the  State.  In  this 
portion  of  the  volume  the  special  topics  presented  are,  (1)  the  rela- 
tion of  the  odor  in  a  water  to  the  organisms  which  it  contains,  (2) 
the  kinds  of  organisms  found  in  the  waters  supplied  to  Boston, 
Charlestown  and  Cambridge,  (3)  the  seasonal  distribution  of  such 
organisms,  (4)  the  distribution  of  organisms  in  waters  variously 
situated,  (5)  an  attempt  at  outlining  a  general  scheme  for  the  im- 
provement of  water  made  impure  by  organic  growths,  and  (6)  a  brief 
account  of  fresh- water  sponges,  and  their  relation  to  water  supplies. 
Mr.  Parker's  report  is  furnished  with  carefully  prepared  tables  illus- 
trating these  special  points. 

In  the  summary  of  water-supply  statistics,  Mr.  Stearns  presents 
a  brief  classified  statement  of  the  water  supplies  of  the  State  up  to 
the  close  of  the  year  1889,  by  far  the  greater  number  of  these  public 
supplies  having  been  introduced  since  1870,  previous  to  which  year 
there  were  only  twenty-four  such  systems  of  public  water  works  in 
operation.  Tables  are  also  presented,  in  which  is  stated  the  daily 
amount  of  rainfall  in  each  of  ten  places,  in  difi*erent  parts  of  the 
State,  from  May  1,  1887,  to  May  31,  1889.  To  these  are  added 
further  data  relating  to  the  flow  of  several  of  the  rivers  of  the  State, 
and  observations  upon  the  temperature  of  the  air  and  of  surface  and 
ground  waters,  and  of  water  as  delivered  to  consumers.  The  value 
of  these  data  will  become  evident  as  explaining  the  meteorological 
condition  which  existed  when  the  waters  referred  to  in  the  first  part 
of  this  volume  were  examined.  The  eflect  of  the  depth  of  water  in 
ponds  upon  the  temperature  at  different  seasons  of  the  year  is  also 
graphically  presented,  including  a  special  study  of  the  same  subject, 
as  shown  by  observations  at  Jamaica  Pond. 

In  that  portion  of  the  volume  entitled  *' A  Classification  of  the 
Drinking  Waters  of  the  State,''  there  is  presented  by  Mr.  Mills,  chair- 
man of  the  committee  of  the  Board  under  whose  direction  all  of 
these  investigations  have  been  made,  a  classification  of  the  two 
general  groups  of  surface  waters  and  of  ground  waters,  based  upon 
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their  past  or  present  pollution  by  sewage,  or  freedom  from  such 
pollution. 

The  actual  condition  of  the  drainage  area  of  a  source,  and  the 
excess  of  chlorine  in  the  source  beyond  the  normal  chlorine  of  the 
waters  of  that  region,  are  taken  to  indicate  the  degree  of  past  pollution 
by  sewage ;  while  the  present  condition  of  the  water  is  determined 
by  the  changes  that  have  taken  place,  as  shown  by  the  present  foim 
in  which  nitrogen  is  found  in  the  water. 

The  characteristics  of  the  unpolluted  waters  of  each  group  are 
determined,  and  with  these  are  compared  the  forms  of  nitrogen  of 
the  several  sources  which  have  been  polluted  ;  and  the  changes  that 
have  taken  place  under  the  existing  circumstances  are  traced,  as 
completely  as  practicable,  from  the  entrance  of  pollution  to  the 
conditions  existing  in  the  supply.  By  this  study,  it  is  found  that 
nearly  one-half  of  all  the  water  supplies  of  the  State  have  not  been 
polluted  by  sewage ;  that  a  large  part  of  the  remainder  have  been 
so  purified  by  filtration  through  the  ground,  or  by  the  appropria- 
tion of  the  impurities  by  organic  growth,  that  they  cannot  be 
regarded  as  deleterious  to  health.  A  small  number  remain  whose 
condition  is  doubtful  or  dangerous,  and  these  demand  further 
investigation. 

The  discussion  of  ''Special  Topics  relating  to  the  Quality  of 
Water  Supplies "  contains  much  information  which  has  a  practical 
bearing  upon  the  selection  of  sources  of  public  water  supply,  and 
the  methods  of  storage  both  of  ground  and  of  surface  waters. 
Several  supplies  have  been  selected  and  made  the  subject  of  careful 
and  continuous  examination,  both  chemical  and  biological,  and  the 
results  are  grouped  together  and  tabulated  in  this  section  of  the 
report.  Special  prominence  is  given  to  the  effect  of  storage  upon 
the  color,  taste  and  odor  of  water,  as  well  as  the  chemical  compo- 
sition. 

A  portion  of  this  section  of  the  report  is  devoted  to  the  investi- 
gation of  the  character  of  the  water  in  deep  ponds,  at  different 
depths  and  at  different  seasons  of  the  year.  The  variations  in  the 
nitrogen  compounds  at  different  depths  and  at  different  seasons  of 
the  year  in  Jamaica  Pond  are  presented  in  a  series  of  tables  and 
diagranis. 

Several  surface  waters  which  have  caused  serious  annoyance,  from 
the  periodical  development  of  aquatic  organisms,  have  been  made 
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the  subject  of  investigation,  and  the  results  are  presented  in  this 
part  of  the  repoil.  This  section  closes  with  a  general  statement  of 
the  results  of  observation  upon  the  natural  filtration  of  water  in  sev- 
eral places  in  the  State.  To  this  is  added  a  statement  of  the  char- 
acteristics of  the  troublesome  Crenothrix. 

In  the  chapter  entitled  ''The  Pollution  and  the  JSelf-purification 
of  Streams,"  these  kindred  subjects  are  presented  by  the  engineer 
of  the  Board,  and  observations  are  given  upon  the  condition  of 
some  of  the  principal  streams  of  the  State,  large  and  small,  into 
which  sew^age  is  continuously  discharged.  Observations  upon  this 
point  in  other  States  and  countries  are  not  very  numerous,  so  that 
standards  of  comparison  are  not  easily  obtained.  The  analyses  of 
the  sewage  of  London,  by  the  Metropolitan  Commission  of  1884, 
are  compared  with  those  of  Lawrence  and  of  Worcester.  Tables 
are  presented  giving  the  estimated  composition  of  sewage  under 
different  degrees  of  dilution,  and  the  amounts  of  the  ammonia, 
solids  and  chlorine  added  to  streams  by  domestic  sewage  for  vari- 
ous ratios  of  population  to  the  quantity  of  water  flowing  in  such 
streams. 

The  subject  of  the  "self-purification"  of  streams  is  treated  mainly 
from  a  chemical  stand-point,  the  rivers  taken  as  illustrative  exam- 
ples being  the  Blackstone,  between  Worcester  and  Millville ;  the 
Merrimack,  from  Nashua  to  Haverhill ;  and  Beaver  Dam  Brook,  in 
Framingham,  which  receives  the  water  of  the  underdrain  of  the 
sewerage  system  of  that  town. 

This  chapter  forms  an  appropriate  connecting  link  between  the 
first  volume,  upon  water  supplies  and  other  kindred  topics,  and 
the  second  volume,  which  relates  to  the  general  subject  of  the 
purification  of  sewage. 


The  SECOND  VOLUME  contains  the  methods  and  results  of  the 
experimental  investigations  of  the  Board,  upon  the  purification  of 
sewage  by  filtration  and  by  chemical  precipitation,  and  upon  the 
intermittent  filtration  of  water,  made  at  the  experiment  station  at 
Lawrence  in  1888,  1889  and  1890. 

These  investigations  have  been  made  under  the  direction  and  the 
continuous  supervision  of  Mr.  Hiram  F.  Mills,  the  engineer  member 
of  the  Board,  whose  elaborate  report  forms  the  principal  part  of  the 
volume. 
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This  report  first  gives  a  description  of  the  experiment  station 
and  states  the  object  of  the  work  :  which  is,  to  determine  the  funda- 
mental principles  of  filtration  not  previously  established,  and  to 
learn  what  can  practically  be  accomplished  by  filters  made  of  some 
of  the  widely  varying  materials  found  in  suitable  localities  for  filtra- 
tion areas,  that  there  may  be  deduced  from  these  results,  together 
with  the  quality  and  physical  characteristics  of  the  materials  used, 
the  probable  efficiency  of  other  materials  to  be  found  throughout 
the  State. 

The  method  of  recording  and  the  meaning  of  the  results  of  analy- 
ses are  then  presented ;  after  which  follow  the  results  obtained  with 
each  of  thirty-two  difierent  filters. 

A  description  is  given  of  the  material  of  which  each  filter  is  com- 
posed, including  the  sizes  of  the  grains  of  sand  or  other  material, 
and  other  physical  characteristics  which  afiect  its  ability  as  a  filter, 
together  with  some  of  its  chemical  constituents,  in  order  that  the 
filtering  capacity  of  materials,  having  similar  characteristics,  may 
be  determined  from  the  experimental  results  obtained. 

While  deductions  are  fully  made  in  the  light  of  this  beginning  of 
the  science  of  filtration,  all  of  the  data  of  chemical  and  biological 
analysis,  and,  as  far  as  may  be,  the  attendant  circumstances,  are 
recorded,  that  they  may  serve  the  future  student  as  the  means  of 
verification  or  of  correction  in  the  greater  light  which  further  inves- 
tigation may  give  him. 

In  the  presentation  of  these  results,  and  their  discussion,  many 
additions  to  the  knowledge  of  the  world  upon  this  important  subject 
of  purification  of  sewage  by  filtration  are  given. 

The  distinctive  and  essential  differences  between  continuous  and 
intermittent  filtration  are  presented  by  alternately  using  one  method 
and  then  the  other,  upon  the  same  filter,  with  the  same  daily  quantity 
of  sewage. 

The  dependence  of  the  efficiency  of  intermittent  filtration  of  sew- 
age upon  the  process  of  nitrification  (a  process  which  does  not 
occur  in  continuous  filtration)  ;  the  conditions  favorable  to  the 
process  of  nitrification,  its  dependence  upon  nitrifying  organisms, 
and  the  condition  of  the  surface  and  degree  of  saturation  of  the 
filtering  material,  are  brought  out  by  many  examples,  throwing 
much  light  upon  the  subject.  It  is  shown  that  while  nitrifying 
bacteria  are  necessary,  in  producing  nitrification,  the  process  of 
complete  nitrification  of  the  organic  matter  of  the  sewage  is  one  of 
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complete  destruction  of  other  bacteria  and,  presumably,  of  all 
disease  germs.  And  finally  it  is  shown  that  the  process  of  purifi- 
cation of  sewage  by  intermittent  filtration  is  in  no  essential  sense  a 
straining  process,  but  is  thoroughly  complete  when  sewage  passes 
down  through  a  mass  of  coarse  gravel  stones  in  very  slow  motion, . 
in  extremely  thin  films  over  the  surface  of  each  stone,  exposed  to 
air,  with  the  nitrifying  bacteria  attached  to  the  surface  of  the  stones. 
The  latter  come  in  the  sewage,  and  the  conditions  named  are  favor- 
able to  their  existence  and  to  the  accomplishment  of  their  work. 

The  pmctical  conditions  under  which  sewage  in  large  quantities 
may  be  filtered  to  be  made  suitable  to  turn  into  a  stream  not  used 
for  drinking,  and  the  conditions  necessary  for  rendering  the  effluent 
entirely  suitable  to  be  turned  into  a  drinking-water  stream  by  the 
complete  purification  of  sewage  from  all  bacteria  that  can  be  deter- 
mined by  the  usual  methods  of  culture,  and  presumably  from  all 
disease  germs,  are  for  the  first  time  made  known. 

The  results  of  experiments  in  the  year  1890  are  given  in  briefer 
form  than  those  of  the  previous  two  years,  and  show  in  general  that 
much  larger  quantities  of  sewage  may  be  efficiently  purified  by  sys- 
tematically raking  over  the  surface  of  the  filter. 

Very  interesting  results  upon  the  intermittent  filtration  of  water  are 
presented  and  the  conditions  favorable  for  good  results  worked  out. 

With  about  three  hundred  thousand  gallons  of  city  water  filtered 
daily,  for  six  days  in  the  week,  upon  an  acre,  it  is  believed  that  all 
of  the  bacteria  present  in  the  water  were  killed,  and  that  none  of 
them  came  down  through  the  filter.    ^ 

With  larger  quantities,  through  more  open  filters,  some  of  the  bac- 
teria came  through.  In  other  respects  the  water  was  much  improved 
in  quality  when  filtering  one  million  and  two  million  gallons  per  acre 
per  day,  until  the  quantity  of  two  hundred  or  three  hundred  million 
gallons  of  water  had  been  filtered  upon  an  acre.  Experiments  are 
in  progress  to  learn  how  to  extend  the  life  of  such  filters. 

This  report  of  Mr.  Mills  concludes  with  a  summary  account  of  the 
results  of  the  experiments  upon  the  purification  of  sewage  by  chemi- 
cal precipitation. 

In  the  report  of  the  chemists  of  the  Board,  Prof.  T.  M.  Drown  and 
Mr.  Allen  Hazen,  are  given  the  methods  used  in  the  analysis  of  the 
sewage  and  effluents,  and  also  an  account  of  some  investigations  into 
the  nature  of  the  changes  which  nitrogenous  matter  undergoes  in  the 
process  of  oxidation.     These  investigations  include  many  specially- 
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designed  experiments  on  the  filtration  of  sewage  under  various  con- 
ditions, and  of  solutions  of  organic  and  ammoniaeal  compounds  of 
known  composition.  These  investigations  have  given  us  much  valu- 
able information  about  the  process  of  nitrification,  which  has  direct 
practical  bearing  on  the  problem  of  sewage  disposal  by  intermittent 
filtration. 

In  Mr.  Hazen's  report  on  the  Chemical  Precipitation  of  Sewage 
will  be  found  an  account  of  an  extended  series  of  experiments  on 
the  treatment  of  sewage  by  chemical  precipitants.  The  results 
obtained  are  an  important  contribution  to  our  knowledge  of  this 
subject,  since  they  show  the  relative  advantages  and  cost  of  different 
precipitants  on  sewage  of  the  same  composition. 

The  report  of  the  biologist  (Professor  Sedgwick),  upon  the 
biological  aspects  of  the  work  of  the  station,  begins  with  a  full 
account  of  the  methods  employed  in  this  new  branch  of  sanitary 
science.  Special  attention  is  given  to  the  microscopical  as  well  as 
the  bacteriological  methods  of  research,  and  a  new  and  trustworthy 
quantitative  method  of  microscopical  analysis  is  described  in  detail. 
It  is  believed  that  the  work  of  the  Board  in  this  direction  is  unique 
and  noteworthy.  One  section  of  the  report  deals  with  the  micro- 
organisms of  sewage,  establishing  important  and  accurate  data  for 
future  use.  It  is  immediately  followed  by  a  special  report  by  the 
chief  assistant  biok)gist  (Mr.  Edwin  O.  Jordan)  upon  the  kinds  of 
bacteria  which  occur  in  sewage.  Of  these,  twelve  species  have  been 
subjected  to  the  most  thorough  investigation,  and  full  descriptions, 
with  illustrations  made  from  photo-micrographs,  make  this  paper 
a  contribution  to  our  knowledge  of  the  bacterial  flora  and  the 
essential  nature  of  sewage.  The  illustrations  deserve  special  notice, 
and  testify  to  the  skill  of  Dr.  R.  R.  Andrews  of  Cambridge,  Mass., 
by  whom  the  photo-micrographs  were  taken. 

The  general  phenomena  of  intermittent  filtration  are  next  described 
from  the  biological  stand-point,  and  in  the  following  section  certain 
puzzling  relations  of  the  organisms  to  the  rate  of  flow  are  explained 
and  elucidated. 

It  has  long  been  a  question  whether  or  not  bacteria  can  pass 
through  sand  filters,  and  the  question  is  one  of  immediate  practical 
importance  as  bearing  on  the  possibility  of  the  complete  removal  of 
disease  germs  by  filtration.  The  report  of  the  biologist  makes  it 
manifest  that  some  species  do  pass,  though  with  diflSculty,  through 
filters  of  coarse  sand,  but  probably  fail  to  pass  through  those  com- 
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posed  of  very  fine  sand.  These  experiments  appear,  moreover,  to 
be  the  first  of  an  absolutely  conclusive  character  ever  made. 
The  results  of  special  investigations  upon  the  influence  of  certain 
important  substances  of  a  class  likely  to  occur  in  sewage  (alkali,  salt, 
acid,  etc.)  are  next  detailed,  and  some  space  is  given  to  the  filtration 
of  water  and  the  chemical  precipitation  of  sewage.  Finally,  the 
biological  aspects  of  the  theory  of  intermittent  filtration  are  treated, 
and  the  principles  involved  are  discussed  in  the  light  of  all  the 
results,  with  a  view  to  their  ready  practical  application. 

The  volume  ends  with  a  report  by  Mr.  Edwin  O.  Jordan  and 
Mrs.  Ellen  H.  Richards  upon  certain  investigations,  made  by  them 
in  connection  with  the  regular  work  of  the  Board,  upon  nitrification 
and  the  nitrifying  organism.  The  processes  of  change  which  take 
place  in  the  organic  contents  of  natural  waters  and  in  soils  have 
always  been  recognized  as  important  but  have  hitherto  been  exceed- 
ingly obscure.  The  fortunate  co-operation  of  the  chemical  and  bio- 
logical laboratories,  made  possible  by  the  investigations  of  the  Board, 
has  borne  fruit  in  a  valuable  contribution  to  our  knowledge  of  the 
causes  and  conditions  of  nitrification,  in  the  study  of  which  real  prog- 
ress has  been  made.  The  isolation  of  the  nitrifying  organism  is 
here  reported  probably  for  the  first  time  in  America. 
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[Chap.  376  op  the  Acts  op  1888.] 

AN  ACT  to  protect  the  Purity  of  Inland  Waters,  and  to  require 
Consultation  with  the  State  Board  of  Health  regarding  the  JBstab- 
lishment  of  Systems  of  Water-supply ,  Drainage  and  Sewerage. 

Be  it  enacted^  etc.,  as  follows : 

Section  1.  The  state  board  of  health  shall  have  the  general  over- 
sight and  care  of  all  inland  waters,  and  sfiall  be  furnislied  with  maps, 
plans  and  documents  suitable  for  this  purpose,  and  records  of  all  its  doings 
in  relation  thereto  shall  be  kept.  It  may  employ  such  engineers  and  clerks 
and  other  assistants  as  it  may  deem  necessary :  provided^  that  no  contracts 
or  other  acts  which  involve  the  payment  of  money  from  the  treasury  of  the 
Commonwealth  shall  be  made  or  done  without  an  appropriation  expressly 
made  therefor  by  the  general  court.  It  shall  annually  on  or  before  the 
tenth  day  of  January  report  to  the  general  court  its  doings  in  the  preced- 
ing year,  and  at  the  same  time  submit  estimates  of  the  sums  re(piired  to 
meet  the  expenses  of  said  board  in  relation  to  the  care  and  oversight  of 
inland  waters  for  the  ensuing  year,  and  it  shall  also  recommend  legislation 
and  suitable  plans  for  such  systems  of  main  sewers  as  it  may  deem  neces- 
sary for  the  presentation  of  the  public  health,  and  for  the  purification  and 
prevention  of  pollution  of  the  ponds,  streams  and  inland  waters  of  the 
Commonwealth. 

Sect.  2.  Said  board  shall  from  time  to  time,  as  it  may  deem  expe- 
dient, cause  examinations  of  the  said  waters  to  be  made  for  the  purpose  of 
ascertaining  whether  the  same  are  adapted  for  use  as  sources  of  domestic 
water-supplies  or  are  in  a  condition  likely  to  impair  the  interests  of  the 
public  or  persons  lawfully  using  the  same,  or  imperil  the  public  health. 
It  shall  recommend  measures  for  prevention  of  the  pollution  of  such  waters, 
and  for  removal  of  substances  and  causes  of  every  kind  which  may  be 
liable  to  cause  pollution  thereof,  in  order  to  protect  and  develop  the  rights 
and  property  of  the  Commonwealth  therein  and  to  protect  the  public 
health.  It  shall  have  authority  to  conduct  experiments  to  determine  the 
best  practicable  methotls  of  purification  of  drainage  and  sewage  or  disposal 
of  the  same.  For  the  purposes  aforesaid  it  may  employ  such  expert  assist- 
ance as  may  be  necessary. 

Sect.  3.  It  shall  from  time  to  time  consult  with  and  advise  the 
authorities  of  cities  and  towns,  or  with  corporations,  tinns  or  individuals 
either  already  having  or  intending  to  introduce  systems  of  water-supply, 
drainage  or  sewerage,  as  to  the  most  appropriate  source  of  supply,  the  best 
practicable  method  of  assuring  the  purity  thereof  or  of  disposing  of  their 
drainage  or  sewage,  having  regard  to  the  present  and  prospective  needs  and 
interest  of  other  cities,  towns,  corporations,  firms  or  individuals  which  may 
be  affected  thereby.  It  shall  also  from  time  to  time  consult  with  and  advise 
persons  or  corporations  engaged  or  intending  to  engage  in  any  mauufact- 


xviii  INTRODUCTION. 

uring  or  other  business,  drainage  or  sewage  from  which  may  tend  to  cause 
the  pollution  of  any  inland  water,  as  to  the  best  practicable  method  of 
preventing  such  pollution  by  the  interception,  disposal  or  purification  of 
such  drainage  or  sewage :  provided^  that  no  person  shall  be  compelled  to 
bear  the  expense  of  such  consultation  or  advice,  or  of  experiments  made 
for  the  purposes  of  this  act.  All  such  authorities,  corporations,  firms  and 
individuals  are  hereby  required  to  give  notice  to  said  board  of  their  inten- 
tions in  the  premises,  and  to  submit  for  its  advice  outlines  of  their  pro- 
posed plans  or  schemes  in  relation  to  water-supply  and  disposal  of  drainage 
and  sewage,  and  all  petitioyis  to  the  legislature  for  authority  to  introdxice 
a  system  of  water-supply^  drainage  or  sewei'oge  shall  he  oAxompanied  by  a 
copy  of  the  recommendation  and  advice  of  the  said  hoard  thereon.  Said 
board  sliall  bring  to  the  notice  of  the  attorney-general  all  instances  wliich 
may  come  to  its  knowledge  of  omission  to  comply  with  existing  laws 
respecting  the  pollution  of  water-supplies  and  inland  waters,  and  shall 
annually  report  to  the  legislature  any  specific  cases  not  covered  by  the  pro- 
visions of  existing  laws,  which  in  its  opinion  call  for  further  legislation. 

Sect.  4.  In  this  act  the  term  "  drainage  "  refers  to  rainfall,  surface  and 
subsoil  water  onl}',  and  "  sewage  "  refers  to  domestic  and  manufacturing 
filth  and  refuse. 

Sect.  f).  Chapter  two  hundred  and  seventy-four  of  the  acts  of  the  year 
eighteen  hundred  and  eighty-six  is  hereby  repealed,  but  nothing  in  this  act 
shall  be  construed  to  affect  the  expenditures  authorized  under  chapter 
thirty  of  the  resolves  of  the  year  eighteen  hundred  and  eighty-eight. 

Sect.  (5.  This  act  shall  take  effect  upon  its  passage.  \_Ap2>roved  May 
18,  1888. 
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WATER    SUPPLIES. 


DESCRIPTIONS  OF  WATER  WORKS;    CHEMICAL  AND  BIOLOGICAL 

EXAMINATIONS  OF    PRESENT    SOURCES   OF   WATER 

SUPPLY  AND  OTHER  INLAND  WATERS: 


EXPLANATORY  NOTE. 

Tbc  following  tabulations,  giving  descriptions  of  works,  chemical  analyses, 
microscopical  examinations  and  other  information,  are  arranged  alphabetically 
by  towns. 

Analyses  of  water  from  any  source  used  for  water  supply  are  tabulated  under 
the  name  of  the 'town  supplied,  while  those  fi'om  sources  not  used  for  water 
supply  are  arranged  under  the  town  in  which  the  sample  of  water  was  collected. 

An  exception  to  this  rule  has  been  made  where  water  from  several  sources  has 
been  examined  in  connection  with  an  investigation  of  a  present  or  proposed  water 
supply,  in  which  case  the  analyses  are  generally  given  under  the  name  of  the 
town  interested  in  the  supply. 

The  analyses  of  the  water  of  streams  not  used  for  water  supply  are  generally 
omitted  from  this  tabulation  by  towns,  as  they  appear  in  a  subsequent  tabulation 
in  connection  with  a  discussion  of  the  waters  of  the  river  basins. 

The  descriptions  of  the  water-works  have  been  compiled  chiefly  from  returns 
made  to  the  State  Board  of  Health  by  the  water-works  officials  and  from  their 
published  reports.  Some  of  the  information,  however,  is  the  result  of  personal 
investigation  by  members  of  the  engineering  force  of  the  Board.  In  many  cases 
the  areas  of  water-sheds  have  been  measured  from  the  new  topographical  map 
of  the  State,  the  boundary  line  being  traced  from  the  features  shown  on  the  map 
and  not  from  reconnoissance  upon  the  ground.  Where  the  water-sheds  are  in  a 
hilly  country  and  not  too  small,  this  method  gives  satisfactory  results ;  but  in 
other  cases  the  areas,  as  given,  may  not  be  quite  accurate. 

As  a  rule  one  or  more  samples  from  each  source  have  been  collected  by  an 
agent  of  the  State  Board  of  Health.  The  bulk  of  the  samples,  however,  have  been 
collected  by  persons  connected  with  the  water- works. 

In  the  tables  of  chemical  analyses  the  figures  in  common  type  indicate  determi- 
nations made  on  the  water  as  received ;  that  is  to  say,  they  include  the  suspended 
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matters  and  aediment,  while  the  figures  iu  heavy-faced  typo  iodicato  determina- 
tions  made  on  Uie  water  after  it  has  been  filtered  tJiroiigh  paper  in  the  laboratory. 
A  few  ca«e3  will  be  noted  in  the  tabulated  results,  in  which  one  or  more  chemical 
iletenninaUons  differ  Bomewhat  widely  from  others  in  the  same  ecriua.  Such  a 
condition  of  the  water  might  result  from  floods  or  ether  unusual  disturbance  of 
a  stream,  or  from  carelessness  in  collection,  or  an  error  may  have  been  made  in 
the  analysis.  In  such  cases  the  determination  has  been  underlined  and  has  not 
been  included  in  the  average.  Where  the  dctermiuations  of  the  loss  on  ignition 
and  fixed  residue  are  underlined,  the  corresponding  total  residue  is  omitted  from 
the  average. 

Ko  attempt  has  been  made  to  give  the  character  of  the  waters  in  connection 
with  the  tubulated  results  of  the  analyses,  In  the  subsequent  general  discussion 
of  the  water  supplies,  the  qualities  and  peculiarities  of  many  of  tlie  waters  will 
be  referred  to  more  or  less  at  length.  For  the  characters  of  those  waters  which 
are  not  esfiecially  mentioned  in  this  discussion,  the  reader  is  reten-ed  to  that  por- 
tion of  the  report  which  deals  with  the  "  interpretation  of  analyses." 

In  addition  to  the  determinations  given  in  the  tables  each  sample  has  been 
examined  for  ila  odor,  both  cold  and  hot.  The  complete  record  of  tliese  odors  it 
was  thought  unnecessary  to  include  in  the  table,  but  mention  of  their  general 
character  is  made  in  the  foot-note  after  the  chemical  results.  The  hardness  of  the 
waters  has  been  determined  oneo  for  each  water,  and  is  given  in  the  foot-note. 
The  appearance  and  odor  on  ignition  of  the  solid  residue  of  evaporation  was 
also  determined  iu  each  sample,  but  this  record  is  not  in  the  tables,  since  the 
significance  of  these  determinations  is,  in  most  waters,  of  subordinate  importance. 

The  color  cf  tho  waters  is  expressed  by  numbera  which  iocreaae  willi  the 
amount  of  color.  Water  having  a  color  o(  I.O  is  a  decided  yellowish  brown 
when  seen  in  small  bulk,  as  in  a  tumbler.  As  a  standard  of  comparison,  it  may  be 
mentioned  that  the  color  of  water  from  the  Cochituate  works,  as  drawn  from  a 
tap  at  the  Massachusetts  Institute  of  Technology,  is  generally  about  0.35. 

The  "  loss  on  ignition  **  is  not  given  in  the  analyses  of  ground  waters,  since  it 
bears  little  or  no  relation  to  the  amount  of  organic  matter  present  in  the  water. 
This  subject  will  be  fully  discussed  in  the  section  of  the  report  devoted  to  "meth- 
ods of  analysis." 

Averages  have  been  made  of  the  chemical  determinations  in  the  tables  as  a 
matter  of  convenience  for  those  who  wish  to  study  the  resnlla.  In  many  cases  tho 
averages  are  for  a  less  period  than  a  year,  and  in  others  for  a  period  between 
one  and  two  years.  In  these  cases  tho  averages  cannot,  obviously,  express  a 
mean  yearly  composition  of  the  water.  The  averages  of  the  determinations  ex- 
pressed in  heavy-faced  type  are  not  given  except  when  these  delenninations  have 
been  made  fur  all  samples  in  the  table. 

The  microscopical  cxiimination  of  water  from  a  few  sources  was  begun  in  July, 
1887 ;  but  the  systematic  examination  of  all  tlie  waters  was  not  undertaken  until 
March,  1888.  After  this  time  a  sample  for  microscopical  examination  was  taken 
from  each  bottle  of  water  received  at  the  cheuicat  laboratory.  The  standard 
quantity  of  water  nscd  in  an  examination  was  200  cubic  centimetres.  From 
March  IS  to  June  5, 1888,  the  quantitative  estimate  of  the  organisms  was  expressed 
by  adjectives  indicating  their  reladve  abundance. 

Since  June  5,  1888,  greater  care  has  been  taken  to  determine  the  number  of 
organisms  of  each  kind  removed  by  flliration  from  the  200  cubic  c 


1889.]  WATER  SUPPLY  AND   SEWERAGE.  5 

water,  and  the  results  are  recorded  in  figures,  showing  the  numbers  found.  The 
method  of  filtration  adopted  did  not  permit  all  of  the  organisms  contained  in 
the  water  to  be  transferred  to  the  slide  for  examination,  and  the  figures  given 
should  not  therefore  be  considered  as  representing  more  than  a  part  of  the  total 
number  of  organisms  in  200  cubic  centimetres  of  water.  While  the  method, 
therefore,  lacks  quantitatire  accuracy,  the  results  obtained  by  it  since  June,  1888, 
express  very  much  better  the  relative  number  of  organisms  in  the  waters  than  the 
results  recorded  before  this  time.  The  results  obtained  under  the  earlier  system 
are,  as  a  rule,  only  given  where  subsequent  examinations  by  the  newer  system 
have  not  been  made.  In  tabulating  the  results  of  the  microscopical  examinations 
for  this  report,  the  unit  used  is  1,000  organisms.  One-tenth,  the  smallest  figure 
given,  therefore  represents  100.  Any  smaller  number  is  indicated  by  the  letters 
pr.,  an  abbreviation  for  the  word  present. 

The  statements  of  the  results  of  the  microscopical  examinations  which  follow 
the  tables  of  chemical  analyses,  are  in  two  forms.  In  the  first,  the  results  are 
arranged  by  months ;  and  since  the  chemical  and  biological  examinations  were 
made  with  water  from  the  same  bottle,  the  results  given  for  the  same  month  and 
year  by  these  examinations  are  directly  comparable.  In  the  first  form  the  organ- 
isms have  been  grouped  under  four  heads:  three  of  these,  namely,  the  blue- 
green  algsa,  other  algsB  and  fungi,  represent  the  plants ;  the  fourth  includes  all 
animals.  The  second  form  is  an  enumeration  of  the  groups  and  principal  genera 
of  organisms  which  have  been  observed.  The  names  of  the  genera  have  been 
printed  in  italics  and  signify  that  at  least  in  one  examination  the  organism  desig- 
nated by  the  name  has  been  present  in  as  great  a  number  as  1,000.  The  names 
of  the  groups  of  organisms  have  been  printed  in  Roman  type.  When  a  group 
is  named  but  no  genus  is  mentioned  under  it,  it  is  understood  that  the  group  is 
represented  by  a  genus  or  by  genera  the  individual  representatives  of  which  have 
been  present  at  no  examination  in  as  great  a  number  as  1,000.  The  figures  1, 2, 3 
and  4  have  baen'  used  in  the  second  form  to  classify  the  groups  in  sections  which 
correspond  to  the  four  heads  of  the  first  form.  The  greatest  number  of  groups 
which  will  bo  found  in  the  second  form  and  the  relation  which  these  bear  to  the 
four  heads  of  the  first  form  can  be  seen  in  the  following  enumeration.  1,  Cyan- 
ophyceas  (blue-green  algse).  2,  Palmellaceaa,  Zoosporese,  DesmidiacesB,  Diatom- 
acete,  Zygnemace»,  Yolvodneao.  8,  Schizomycetes.  4,  Protozoa,  Spongiaria, 
Hydrozoa,  Xemato<1a,  Annelida,  Rotifera,  Entomostraca,  Bryozoa. 

The  necessity  for  printing  this  tabulation  before  the  reports  and  discussions 
which  follow  it  are  in  type,  prevents  reference  from  being  made  to  the  pages 
where  the  different  water  supplies  are  discussed.  The  reader  desiring  to  find 
these  discussions  is  therefore  referred  to  the  index  to  be  found  at  the  end  of  the 
volume. 
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WATER   SUPPLIES. 


DESCRIPTIONS   OF   WATER  WORKS;    CHEMICAL  AND  BIOLOGICAL 
EXAMINATIONS   OF    PRESENT   SOLTICES  OF    WATER  • 
SUPPLY  AND  OTHER  INLAND  WATERS. 


Water  Supply  of  Abington  and  Rockland. 

Description  of  Works. — Population  in  1885  :  Abington,  3,699  ; 
Rockland,  4,785  ;  total,  8,484.  The  main  works  are  owned  jointly 
by  the  towns  of  Abington  and  Rockland,  but  each  town  owns  and 
controls  independently  its  distributing  system.  Water  was  in- 
troduced in  January,  1887.  The  daily  average  consumption  in  1888 
was  248,143  gallons.  The  source  of  supply  Is  Big  Sandy  Pond  in 
Pembroke :  area  of  pond,  estimated  from  new  topographical  map  of 
Massachusetts,  111  acres;  general  depth,  15  feet;  maximum  depth, 
20  feet ,  bottom,  sandy.  The  drainage  area  is  uninhabited  and  is 
covered  with  woods.  Water  is  drawn  from  the  pond  at  a  point 
about  140  feet  from  shore,  and  the  inlet  is  so  arranged  that  water 
may  be  drawn  from  any  depth  not  exceeding  6^  feet  below  high 
water.  Pumps  force  the  water  from  the  pond  to  an  open  iron  tank 
100  feet  high  and  25  feet  in  diameter.  Distributing  mains  are  of 
cast  iron  ;  service  pipes  are  of  wrought  iron,  lined  with  cement.  A 
filter-gallery  was  at  first  attempted  along  the  shore  of  the  pond,  but 
**  after  an  excavation  of  the  proposed  dimensions  had  been  made,  it 
was  evident  from  daily  trial  that,  by  reason  of  the  fineness  of  the 
sand,  the  water  would  not  filter  through  in  sufficient  quantities  to 
supply  the  pumps  and  the  plan  was  abandoned."  The  filter-gallery 
was  completed  as  proposed,  and  is  used  as  a  pump  well. 
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Microscopical  Examination. 


April.  IBSS.    BlD>.p«n  ■!( 
Oroapiand  pdotlpaJ  gengri 
■Ha,  llilotira,  T^iiiUatia. 


Water  Sopplt  of  South  Adaus  Fibe  District,  Adams. 
Description  of  TVbris. —  Population  of  Adams  in  1885,  8,283. 
Estimated  population  supplied  in  1687,  8,000.  Works  arc  onrncd 
by  the  Fire  District.  Water  was  introduced  in  1874.  ■  Tbe  ordi- 
nary sources  of  supply  are  Bussett  and  Dry  brooks,  on  ench  of  which 
a  small  storage  reserroir  is  built.  Bussett  Brook  Reservoir  has  a 
capacity  of  about  five  million  gnllons  and  is  situated  southwesterly 
from  tbo  town.  Its  drainage  area,  of  about  2.6  square  miles  (esti- 
mated from  tbe  new  topographical  map  of  Massachusetts),  is  steep, 
wooded  and  rocky,  but  is  said  to  be  free  from  limestone.  Dry 
Brook  Beservoir  has  a  capacity  of  about  fire  million  gallons  and  is 
situated  southeasterly  from  the  town.  Its  drainage  area,  of  7.84 
square  miles  (estimated  as  above),  is  steep  and  well  wooded,  but 
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contains  also  a  little  pasture  land.  It  is  rocky  and  mnch  of  the  rock 
is  said  to  be  limestone.  Botli  dminage  areas  are  almost  UDinbabited. 
FrovisioD  is  made  for  supplementing  the  supply  during  droughts 
by  pumping  from  the  wells  of  the  Renfrew  Manufacturing  Com- 
pany. Water  from  the  brooks  is  distributed  by  gravity.  Dietrib- 
utiog  mains  are  of  cast  iron. 

Chemical  Examination  of  Walerfrom  BoMeU  Brook  Storage  Beservoir. 
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Water  Supply  of  Aqawam. 
Description  of  Works. — Population  in  1885,  2,357.  Worka  are 
owoed  by  C.  L.  Goodhue.  Water  was  introduced  in  1877.  About 
fifty  families  were  supplied  in  1888.  The  source  of  supply  is  a 
spring  in  Agawam.  Water  is  distributed  by  gravity.  Distributing 
mains  and  service  pipes  are  of  wrought  iron,  lined  with  cement. 
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Mieroscopieat  Examination. 


Wateb  Sdpplt  op  Amesbury.  —  Powow  Hill  Water  Company. 
Description  of  Works. — Population  in  1885,  about  8,043. 
Works  are  owned  by  the  Powow  Hill  Water  Company.  The  com- 
pany was  chartered  to  supply  Amesbury  and  Salisbury ;  but  the 
principal  part  of  Salisbury,  including  the  villages  of  Salisbury 
and  Salisbury  Point,  was  annexed  to  Amesbury  by  an  act  of  the 
Legislature  in  1886.  Water  was  introduced  in  1885.  The  daily 
average  consumption  in  1887  was  about  100,000  gallons.  The 
source  of  supply  at  first  was  a  tubular  well  system,  consisting  of  36 
tubular  wells,  45  feet  deep.     This  source  proved  inadequate  and 
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was  abnodoned,  and  the  sources  wbicb  furnish  the  water  at  the  pres- 
ent time  were  selected.  These  sources  of  supply  are  14  tubular 
wells,  each  two  inches  in  diameter,  sunk  in  the  bottom  of  an  open 
basin.  The  basin  is  14  feet  deep  and  the  wells  are  sunk  to  a  depth 
of  16  feet  below  its  Iwttom.  There  is  al»o  a  supplementary  basin  bO 
feet  long  and  40  feet  wide.  Pumps  force  the  water  to  an  open  dis- 
tributing reservoir,  having  a  capacity  of  500,000  gallons.  There  is 
also  a  high-service  reservoir,  having  a  capauity  of  1,500,000  guUons, 
which  is  used  for  fire  purposes  only  and  is  filled  hut  twice  a  year. 
Distributing  mains  are  of  cast  iron,  and  service  pipes  of  wrought 
iron,  cement  lined. 
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Chemieal  Examination  of  Water  from  Low-serviee  Distributing  Buervoir, 
Ametbury. 

[Parti  per  1IM,0I».] 
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Wateb  Supplt  of  Ajihebst. — Amhebst  Water  Compant. 

Description  of  Works.  — Population  in  1885,  4,199.  Works  are 
owned  by  the  Amherst  Water  Company.  Water  waa  introduced  io 
1880.  There  were  about  265  service  tape  in  1887.  There  are  two 
sources  of  supply,  formerly  owned  by  different  companies,  but  now 
belonging  to  the  Amherst  Water  Com[)any.  The  principal  source 
of  supply  is  Amethyst  Brook,  in  Pclham,  on  which  a  small  storage 
reservoir  is  built.  The  avemgo  depth  of  this  reservoir  is  about  nine 
feet  and  the  bottom  is  of  gravel.  The  drainage  area  is  rocky  and 
hilly.  Water  is  diBtributed  by  gravity.  Distributing  mains  are  of 
wrought,  iron,  lined  with  cement,  and  of  cast  iron;  serrice  pipes 
are  of  wrought  iron.  The  second  source  of  supply  is  a  small,  cov- 
ered reservoir,  fed  by  springs  or  wells,  located  in  Pelham.  Water 
from  this  source  was  introduced  in  1887.  The  reservoir  is  70  feet 
long,  40  feet  wide  and  6  feet  deep.  The  springs  or  wells  are  scvea 
in  number,  and  are  all  covered.  Water  flows  by  gravity  from  the 
wells  to  the  'reservoir,  end  thence  to  the  town.  The  distributing 
mains  and  service  pipes  of  this  system  are  of  wrought  iroo,  tarred. 


TVATEH  SUPPLY  AND  SEWEBAGE.  [Deo. 

Chemical  Examination  of  Water  from  AmelhyU  Brook  Storage  Beaervoir. . 
[run  »tr  IDDjno.] 
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Chemical  Examination  of  Water  from  Springs  in  Pclhatn. 
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Water  Supply  of  Arlington. 
Deseriplion  of  Works,  —  Population  io  1885,  4,673.  Works  are 
owned  by  the  town.  Water  wag  introduced  in  1872.  The  source 
of  supply  is  a  storage  reservoir  on  North  Brook,  in  Lexington  :  area, 
31  acres;  average  depth,  about 8  feet;  capacity,  77,000,000  gallons; 
bottom,  muddy.  The  drninage  area  is  about  2,700  acres.  A  large 
part  of  it  is  meadow  land,  and  the  remainder  cultivated  land  and 
pasture,  with  some  wood  land.  There  are  very  few  dwellings  on  the 
drainage  area.  A  reserve  reservoir,  made  by  flowing  Gi-eut  Mead- 
ows, in  Iiexington,  to  a  slight  depth,  is  drawn  upon  when  needed. 
Generally  the  water  from  this  reservoir  is  allowed  to  flow  past  the 
main  reservoir  into  the  brook  below  it.  Id  1876  *'  the  water  commis- 
sioners, hearing  many  complaints  about  the  quality  of  the  water  and 
learning  that  some  persons  were  relinquishing  its  use,"  built  a  filter- 
gallery  near  the  upper  end  of  the  reservoir.  In  1877  and  1883  ad- 
ditions to  the  gallery  were  built,  so  that  at  the  present  time  the 
filtering  plant  comprises  a  gallery  235  feet  long,  on  the  shore  of 
(he  reservoir  near  (he  upper  end ;  a  gallery  150  feet  long,  beneath  the 
bottom  of  the  reservoir,  connected  with  the  first  by  a  smaller  gallery 
375  feet  long ;  and,  finally,  a  gallery  below  the  dam  98  feet  long,  con- 
nected with  the  others  by  a  brick  conduit  with  plank  bottom.  From 
the  lust-mentioned  gallery,  water  is  drawn  into  the  main  supply  pipe 
to  the  town.  At  some  seasons  of  the  year  the  galleries  do  not  fur- 
nish a  sufficient  supply  for  the  town ,  and  water  is  drawn  directly  from 
the  reservoir.  Water  is  distributed  by  gravity.  Distributing  mains 
and  service  pipes  are  of  wrought  iron,  lined  with  cement.  For  ex- 
tensions to  distributing  mains  cast  iron  is  now  used. 

Chemical  Examin^ion  of  Water  from  Arlington  Filter  Qallen/. 
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Chemical  Examination  of  Water  from  Arlington  Filler  Qallery — Concluded. 


D««  or 

<,TU»„.. 

Bvtra'.".". 

-" 

i 

»,.. 

™„ 

1 

i 

1* 

1 

1 

1 

1 

ill  . 

1 

A 

1 

1 

s 

nw 

Apr.   B 

Apr.  B 

I>«M<d. 

.... 

B.40 

l.lll 

t.M 

.0143 

om 

.M 

.,« 

ao«i 

"- 

u.r  14 

U.y  16 

DLrtlf>«t, 

V«ry»llghl. 

"■» 

8.M 

1.M 

4.7S 

.0104 

odM 

.48 

■«• 

.COM 

u» 

JdiwU 

Jua*l« 

Dwliled, 

n.Hky. 

■a. 

«.» 

t.u 

l.M 

4.M 

,0M8 

alto 

.H 

■"" 

•  OQM 

T.n 

July  14 

.Inly  IJ 

Drclded, 
»lU,y. 

Cnnildu.. 

fl.H 

T.eo 

t.st 

t.U 

.owe 

01  n 
1141 

.01 

.tow 

ooog 

ma 

Aug.  10 

Aug.  11 

aii(hi. 

.„... 

0.10 

i.« 

I.B 

8,50 

.0180 

■lit 

.81 

■l™ 

.0011 

SIM 

B.pt  i 

S^MO 

mlLky. 

Very.Hghl 

o.ot 

r.js 

1.10 

e.!s 

.0MB 

o»* 

.« 

.OOOT 

BMO 

o«.   a 

O.L.      9 

DUllnel. 

Con.,  light 

O.SO 

S.DO 

i,n 

E.» 

.0050 

of.T* 
0350 

.fll 

' 

.0001 

«" 

1,P,..0 

N„.W 

Deddcd. 

•^.sro^i^"' 

O.IS 

7.70 

i.rD 

4,00 

.OMS 

.OIM 

oie4 

.71 

••" 

.oou 

36i3 

D*e.    S 

D«.  e 

mUKy.' 

Sligbl. 

O.M 

t.n 

\.n 

i.Od 

.«0M 

0120 

.Dili 

.81 

' 

.0004 

tKIl 

Jm.    < 

Bll>).t. 
mllKy. 

BlIgM, 
euthy. 

0.M 

S.40 

1,7S 

4.Bi 

.0164 

ioOH 

M 

.lta> 

.000) 

*au 

?«b.    1 

F»i..   e 

D«-1dH. 
mliky. 

Vefyillglil 

B.IO 

B.*S 

1.45 

S.O0 

■«™ 

io054 

.« 

■'"" 

.ooot 

4WJ 

Uir.   T 

'"■' 

Decided, 
milk,.' 

aitght. 

biKll. 

o.=» 

s.» 

1.(9 

4.BS 

.OOIJ 

.'«« 

-ai 

.ooos 

4*72 

Apr.    4 

..... 

DiMlnM, 
oiUky. 

Verydlghi 

o.oo 

fl.SS 

I. TO 

4.K 

-DMO 

■mn 

.45 

■"» 

.0001 

4161 

ICd;  is 

».,» 

DI.(lnBl. 
mllkr- 

Sllghl. 

CM 

7^ 

,.»; ..,. 

.0000 

.MM 

,Dosa 

,83 
,8.-| 

.OMO 

.0001 

At. 

i.w 

..« 

.0004 

imbcn  028,1421,1. 


*, — -The  iimplrt  wi 
ill.  II  In  poMlt>le  that 


Microiwpical  Examination. 


!»».. 

.UI. 

lun. 

Wa". 

Htfit.  Ocl. 

N„, 

..«. 

... 

,... 

JUr. 

.tp. 

Mv- 

1.  BlDe-green  AlgD.  . 

J,  OlhM  Alg* 

a-F<."ii 

a.D 

pr. 

0.8 

e.o 

;': 

pf.     81.0 
0,0 1   0.0 

;■; 

00 

pf. 

: 

It.O 
0.0 

a.s 

«:; 

::: 

0.0 

.b»rwd:    I,  UyannpbyseB.   OaUrDcriUl.    8,  P«l- 
— i  DUtonunai  ZyguuucMa.     i,  BcblumjeeMs, 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


Chemical  Examination  of  Water  from  Arlington  Storage 
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TbU  id  a  email  water  supply,  introduced  in  1799,  and  at  present 
supplying  about  34  fumiliea.     The  source  of  supply  is  a  opring. 
Water  is  distributed  by  gravity,  through  cement-lined  iron  pipes. 

Chemical  Examination  of  Waler  from  Spring,  Middlesex  Aqueduct  Company. 
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Chemical  Ezaminalion  of  Water  from  Spy  Pond,  Arlington. 
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Water  Supply  of  Ashbukxham.- 

COMPANY. 


'Naukeao  Water 


Description  of  TTorAa.  — Population  in  1885,  2,058.  Works  are 
owned  by  the  Xaukeag  Water  Company.  Water  was  introduced  in 
1870.  About  30  famiiies  were  supplied  in  1887.  The  source  of 
supply  is  a  small  storage  reservoir,  formed  by  a  dam  75  feet  long 
and  15  feet  high,  located  on  the  side  of  a  large  hill.  The  bottom 
of  the  reservoir  is  of  ledge  and  clay  ;  all  the  turf  and  loam  were 
removed  from  the  bottom  of  the  reservoir  at  the  time  of  its  con- 
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stnictioD.  Tho  drainage  area  is  used  mostly  for  pasturage,  and  is 
not  lai^.  During  the  wet  portions  of  the  year  a  small  stream  runs 
into  the  reservoir,  while  in  dry  times  the  surface  flow  ceases  and  all 
water  entering  the  reservoir  comes  from  springs.  Distributing 
mains  are  of  wrought  iron,  lined  with  cement.  Service  pipes  are 
of  lend. 

Ckemieal  Examination  of  Water  from  the  Aihburnham  Storage  Beservoir. 
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(Aemieal  Examinalion  of  WaUr  from  Opper  Sauktag  Pond  in  Athburnham. 

[Tirta  per  10(1  jnp.] 
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Mieroaeopieal  Examination. 
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Wateb  Scpplt  of  Athol.  —  Athol  Water  Company. 
Description  of  Works.  —  Population  in  1885,  4,758.  Worka  are 
owned  by  the  Athol  Water  Corapany.  Wnter  was  introduced  in 
1875.  There  were  about  450  service  taps  in  December,  1887. 
There  are  two  sources  of  supply.  One  is  a  small  brook  in  Pfailiips- 
ton,  where  a  storage  reservoir,  having  an  area  of  about  20  acres,  has 
been  constructed.  This  reservoir  is  shallow ;  its  uiiiximiim  depth  is 
about  11  feet,  and  its  average  depth  much  less.     The  quality  of  the 
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water  in  this  reservoir  being  unsntisfactory,  a  small  reservoir,  holding 
about  a  day's  supply,  was  built  just  iibove  it,  and  the  main  pipe  was 
extended  to  this  reservoir,  so  as  to  supply  the  town  from  tliia  source 
when  the  quiintity  of  water  is  sufficient.  These  reservoirs  are  des- 
ignated as  the  large  and  small  Phillipstnn  reservoii-s. 

The  second  source  of  supply  is  Buckman  Brook,  in  Athol ;  stor- 
age being  furnished  by  an  old  mill-pond,  known  as  Newton's  Pond, 
or  the  Buckman  Brook  Reservoir.  The  area  of  this  reservoir  is 
about  8  acres,  and  its  avomgc  depth  from  12  to  15  feet.  The  upper 
village  at  Athol  is  supplied  by  gravity  directly  from  the  Phillipston 
resen'oirs;  but  as  this  reservoir  is  about  500  feet  above  the  lower 
village,  and  a  direct  supply  would  give  too  great  a  pressure,  it 
is  diminished  by  turning  the  water  into  two  distributing  reservoirs, 
known  as  the  Pleasant  Street  and  Summer  Street  distributing  reser- 
voirs. Both  of  these  reservoirs  are  at  the  same  level,  and  receive 
water  from  the  source  in  Phillipston ;  but  only  the  latter  receives 
water  from  Newton's  Pond,  and  the  amount  received  from  this 
source  is  limited  by  the  small  capacity  of  the  connecting  pipe.  The 
Pleasant  Street  distributing  reservoir  is  rectangular  in  shape,  and  its 
depth  is  about  12  feet  when  filled  to  the  top  of  the  bank.  The 
Summer  Street  distributing  reservoir  is  irregular  in  shape,  with  a 
maximum  depth  of  15  feet.  Distributing  mains  are  of  cast  iron, 
and  service  pipes  are  of  wrought  iron  and  lead.  A  mechanical  filter 
has  recently  been  connected  with  the  main  pipe  from  the  Phillipston 
reservoir. 

Chemtcal  Examinalion  of  Water  from  Buckman  Brook  Reservoir,  Athol. 
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Chemical  Examination  of  Water  from  Small  Seiervoir  in  PhillipUon. 

[PsrtI  pet  lOOJBD,] 
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CA«n)i«af  Examinalion  of  WaUrfrom  Large  Baervoir  in  Phillipslon. 
[nni  per  lii0.a«0.] 
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Chemical  EiamintUion  of  Water  from  a  Faucet  in  Office  ofUu  Alhol  Water  Company, 
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Water  Supply  of  ATTLEnoRoron  Fiue  Distkict,  Attlbborodgh. 
Description  of  Works.  —  Populiition  of  Attleborough  and  North 
Attleboroiigh  in  1885,  13,175.  North  Attleborough  waa  im;orpora- 
tedas  a  separate  town  in  1887.  The  population  of  the  Attlelmrough 
Fire  District  at  that  time  was  estimated  to  be  about  5,000  people. 
Works  are  owned  by  the  Fire  District.  Water  was  introduced  in 
1873.  About  877  families  were  supplied  in  1887.  The  source  of 
supply  is  a  well  and  tilter-gallery,  with  tubular  wells  in  both,  located 
on  the  right  bank  of  Ten  Mile  River,  just  above  the  central  pai-t  of 
the  town.  The  well  is  13  feet  in  diameter,  and  its  bottom  is  about 
5  or  6  feet  below  the  bottom  of  the  river.  A  filter-gallery  waa 
constructed  in  1882,  running  for  a  short  distance  along  the  bank  of 
the  river  and  connecting  with  the  well.  The  gallery  is  built  of  brick, 
with  tight  sides  and  open  bottom,  and  is  about  3  feet  in  width  and 
height.  There  are  three  tubular  wells  in  the  bottom  of  the  large 
well,  which  are  sunk  to  a  depth  of  about  40  feet  below  the  Ixittom 
of  the  river  and  34  feet  below  the  bottom  of  the  well.  One  of  these 
wells  is  3  inches  in  diameter,  and  the  other  two  are  each  1^  inches 
in  diameter.  In  the  bottom  of  the  filter-gallory  are  five  tubular 
wells,  each  2  inches  in  diameter.  There  is  also  a  direct  connection 
with  the  Ten  Mile  River,  and  whenever  a  fire  occui-s,  or  a  trial  of 
the  fire  apparatus  is  made,  the  well  and  tank  are  shut  off  and  the 
direct  connection  with  the  river  is  used,  thus  filling  the  pipes  with 
river  water.  Pumps  force  the  water  from  the  well  to  a  tank,  60  feet 
in  height  and  30  feet  in  diameter,  built  of  iron,  lined  with  cement 
and  brick.  Around  the  tank  is  built  a  brick  structure  with  a  roof. 
About  one-half  of  the  distributing  mains  are  of  wrought  iron,  lined 
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with  cement ;  the  renmiiider  are  of  cast  iron.  Service  pipes  are  of 
irrought  iron,  lined  with  cement ;  extensions  are  being  mode  with 
galvanized  iron.  There  ia  quite  a  lurge  population  on  a  table- 
laod,  back  of  the  well,  and  there  is  a  large  population  along  the 
Ten  Mile  River,  above  Attleborough. 

Chemicat  Examination  of  Water  from  Well,  AlOeborottgh  Water  Works. 
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Water  Supply  of  Ayer. 
Description  of  Worka.  — Population  in  1885,  2,190,  Works  are 
owned  by  the  town.  Water  was  introduced  Dec.  15,  18*17.  The 
daily  average  consumption  in  1888  was  about  40,000  gallons. 
The  Bource  of  supply  is  a  well  near  the  outlet  of  a  large  mill-pond. 
The  well  is  25.7  feet  in  depth,  2li  feet  in  diameter  at  thstop,  and  25 
feet  at  the  bottom.  The  bottom  is  in  rock,  which  is  met  with  at  18.7 
feet  below  the  surface.  There  is  a  direct  connection  with  the  brook 
flowing  from  the  mill-pond.  Water  is  pumped  from  the  well  by 
water-power  to  an  open  distributing  reservoir,  having  n  capacity  of 
1,040,000  gallons.  This  reservoir  is  oval  in  shape,  and  is  13  feet 
in  depth.  The  bottom  is  of  concrete,  and  the  slopes  are  paved. 
Distributing  nmias  are  of  cast  iron.     Service  pipes  are  of  lead. 
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Cfiemical  Examination  of  Water  from  Sandy  Pond  in  Ayer. 

[Part*  iM»r  100,000.] 


a 

a 
>5 


Date  of 


O 

B 
O 

•< 

•  3 

i! 

a« 

•5 

«£ 

O 

K"" 

O 

u 

208 


Jane  28 


»7. 
Jane  28 


Appbakakck. 


•e 


B 

a 

ct 


5 


Slight. 


Very  alight. 


0.4 


RK8IDUK  ON 

EVAPORATIOW. 

• 

B 

-5 

02 

i 

Q 

a^ 

h 

2.70 


1.00 


1.70 


AMMOiriA. 


o 

5 


.0002 


.0176 


I 


.14 


KiTROOK* 
AS 


5 

5 


.0000 


Odor,  faintly  vegetable. The  aample  was  collected  from  Sandy  Pond,  aboat  850  feet  from  shore 

and  4  to  5  feet  beneath  the  aarface. 


Barnstable. 


Chemical  Examination  of  Water  from  Nine  Mile  Pond  in 

Barnstable. 

[Parts  per  100,000.] 
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Odor,  earthy.  —^  The  aample  waa  collected  from  the  pond. 

Microscopical  Examination. 

Aagaat,  1888.  —  1,  Blue-green  algas,  pr.;  2,  Other  algas,  pr.;  3,  Fungi,  0.0;  4,  Animal  Forma,  pr. 
Groupa  and  principal  genera  of  organiams  obaerved :  1,  CyanophyceaB.    2,  Diatomaceae.    4,  Proto- 
eoa;  Nematoda;  Rotlfera. 


Water  Supply  of  Belmont. 

Description  of  Works. — Population  in  1885,  1,639.     The  distrib- 
uting system  is  owned  by  the  town.     Water  is  supplied  by  the 
Wfttertown  Water  Company,  and  was  introduced  in  1887.      See 
Watertown. 


Water  Supply  of  Beverly. 

Description  of  Works.  —  Population  in  1885,  9,186.  Works  are 
owned  by  the  town.  Water  was  first  introduced  from  the  water 
works  of  the  city  of  Salem  in  1868-69.  Independent  works  were 
built  by  the  town  in  1886,  and  the  supply  from  Salem  was  discon- 
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tinued.  The  number  of  services  supplied  is  2,260.  The  source  of 
supply  is  Wenham  Lake,  in  Beverly  and  Wenham.  Water  is  pumped 
from  the  lake  to  an  open  distributing  reservoir,  having  a  capacity  of 
3,000,000  gallons.  Distributing  mains  are  of  wrought  iron,  lined 
with  cement.  Service  pipes  are  of  galvanized  iron.  For  a  descrip- 
tion of  the  source  of  supply  and  analyses  of  the  water,  see  Salem. 

Water  Supply  of  Boston. 

Description  of  Works.  —  Population  in  1885,  390,393.  Boston 
is  supplied  from  two  distinct  systems  of  works,*  one,  deriving  its 
supply  from  the  Sudbury  River  and  Lake  Cochituate,  known  as  the 
Cochituate  Works ;  and  the  other,  from  the  Upper  Mystic  Lake, 
known  as  the  Mystic  Works. 

Cochituate  Works. 

These  works  supply  the  whole  of  the  city  except  the  Charlestown 
District.  The  population  in  the  district  supplied  in  1885  was 
352,720,  and  the  population  in  1888  was  estimated  to  be  378,600. 
Water  is  supplied  from  Sudbury  River  and  from  Lake  Cochituate 
to  the  main  distributing  reservoir  at  Chestnut  Hill  by  separate 
aqueducts. 

Sudbury  River  Supply.  —  The  supply  is  derived  from  a  system 
of  five  storage  reservoirs,  four  of  them  being  artificial  reservoirs 
located  on  Sudbury  River  or  its  tributaries  ;  and  one  being  a  natural 
pond,  known  as  Farm  Pond,  which  formerly  had  an  outlet  into  the 
river.  The  watershed  of  Sudbury  River  at  the  lowest  dam  is  74.656 
square  miles,  and  of  Farm  Pond  0.543  square  miles,  making  the 
total  available  watershed  75.199  square  miles.  The  watershed  con- 
tains the  whole  or  the  main  portion  of  the  following  towns  :  — 

PopnUtion  in  1885. 

Southborongh, 2,100 

Marlboroagh, 10,941 

Westborough, 4,880 

Hopkinton, 8,922 

Ashland, 2,633 

Total, 24,476 

*  In  addition  to  these  two  systems  there  is  another,  owned  by  the  Jamaica  Pond  Aqnednct 
Company,  which  supplies  a  small  population.  Following  the  usual  custom,  this  source  will  l)e 
ignored  In  giying  statistics  regarding  the  Boston  water  supply,  but  will  be  described  after  the 
others. 
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A  portion  of  the  town  of  Frarainghara  (population  in  1885,  8,275) 
ia  also  in  the  watershed.  The  total  population  on  the  watershed  id 
18^5  was  about  24,000,  equal  to  a  population  of  319  per  square  mile. 

The  towns  of  Marlborough,  Westborough  and  Hopkinton,  and 
the  village  of  South  Framingham,  have  a  public  water  supply  ;  Imt 
none  of  these  places  were  provided  with  a  sewerage  system  during 
the  time  covered  by  tliis  report. 

The  watershed  contains  many  hills  with  steep  slopes,  used  to  a 
large  extent  for  pastunvge,  but  in  many  cases  covered  with  a  small 
growth  of  wood.  The  valleys,  as  a  rule,  are  not  steep  and  there 
are  extensive  areas  of  swampy  land,  generally  covered  with  a  growth 
of  brush  or  trees.  Except  in  the  immediate  vicinity  of  the  towns 
the  land  is  not  highly  cultivated. 

Fann  Pond  ia  the  reservoir  nearest  to  Boston,  and  from  it  the 
Sudbury  aqueduct,  built  of  masonry,  conveys  water  to  the  Chestnut 
Hill  Distributing  Reservoir.  Provision  is  made,  however,  by  means 
of  an  extension  of  the  masonry  aqueduct  across  Farm  Pond  and 
beyond  to  Dam  No.  1,  and  by  a  system  of  iron  pipes  extending 
from  this  dam  to  the  resen-oirs  above,  for  drawing  water  directly 
into  the  main  aqueduct  from  Reservoirs  No,  1,  2,  or  3.  These 
arrangements  make  it  feasible  to  draw  water  through  the  aqueduct 
to  Chestnut  Hill  Reservoir  directly  from  Farm  Pond  or  either  of 
the  reservoirs  mentioned,  as  may  be  desirable  on  account  of  either 
the  quality  or  quantity  of  water  stored  in  them.  The  water  in 
Reservoir  No.  4  has  to  pass  through  Reservoir  No.  2  on  its  way  to 
the  city, 

The  following  table  gives  statistics  relating  to  storage  reservoirs 
of  the  Sudbury  River  supply  ;  — 
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Farm  Pond  had  naturally  a  watershed  of  1.008  square  miles; 
but  as  the  land  on  the  westerly  side  of  the  pond  was  highly  culti- 
vated, an  intercepting  ditch  and  dike  were  huilt  on  the  shore  of  the 
pond,  which  cut  off  nearly  one-half  of  the  watershed,  leaving  0.543 
square  miles.  As  the  land  is  porous,  much  of  the  water  from  the 
area  diverted  still  finds  its  way  by  filtration  into  the  pond.  Until 
July  9,  1886,  all  water  from  the  storage  reservoirs  had  to  pass 
through  Farm  Pond  on  its  way  to  the  city,  except  during  a  few 
months  in  the  latter  part  of  1881  and  the  early  part  of  1882.  At 
this  time,  on  account  of  a  very  strong  '*  cucumber  "  taste  which  had  its 
origin  in  this  pond,  it  was  drawn  down  and  a  temporary  ditch  was 
constructed  in  the  exposed  portion  of  the  bottom  to  carry  the  water 
around  the  pond  to  supply  the  city.  The  bottom  of  Farm  Pond,  in 
the  shallow  portions,  is  generally  sandy,  but  in  the  deeper  portions 
much  of  it  is  muddy.  The  village  of  South  Framingham  is  located 
on  the  easterly  side  of  the  pond,  and  a  considerable  portion  of  it, 
though  less  than  one-half,  drains  directly  or  by  filtration  through 
the  ground  into  the  pond.  A  sewerage  system  for  this  village  has 
recently  been  built,  which  is  intended  to  divert  from  the  watershed 
all  sewage  which  now  enters  the  pond.  When  the  water  from  the 
reservoirs  passes  through  Farm  Pond,  its  waters  assume  approxi- 
mately the  character  of  that  in  the  reservoir  from  which  it  is 
supplied. 

Reservoir  No.  1  being  shallow  has  not  been  used  for  supplying 
the  city,  though  the  water  is  available  if  it  should  be  needed. 

Reservoir  iVb.  2  was  completed  and  filled  in  1879.  In  the  begin- 
ning the  loam  was  not  removed  from  the  reservoir ;  but  in  1883  and 
1884  a  large  amount  of  loam  and  other  material  was  excavated  so 
as  to  give  a  minimum  depth  of  not  less  than  8  feet,  with  steep  slopes 
all  around  the  reservoir,  many  of  them  paved.  In  addition  to  the 
excavation  for  the  shallow  flowage  the  loam  and  much  of  the  muck 
were  removed  from  the  deeper  portions  of  the  reservoir.  A  low 
dam,  submerged  at  high  water,  has  been  built  across  the  reservoir 
toward  its  upper  end,  to  prevent  the  shallow  upper  end  from  becom- 
ing bare  when  the  water  in  the  reservoir  is  drawn  down.  The 
drainage  area  of  this  reservoir  contains  nearly  all  of  the  towns  of 
Westborough,  Hopkinton  and  Ashland,  having  a  total  population  of 
about  11,000  in  1885.  It  also  contains  a,  large  area  of  swampy  land, 
which  gives  the  water  a  brownish  tinge. 
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Jieservoir  M>.  3  was  first  filled  in  December,  1878.  Before  filling 
it,  the  binsh  and  trees  growing  on  the  area  included  in  the  reservoir 
were  cut  down  and  i-einoved.  It  contained  in  the  lower  portion 
where  tlie  water  is  deep  a  large  wooded  swamp  which  was  burned 
over  after  the  trees  had  been  removed.  The  reservoir  was  emptied 
in  1886  and  improved  by  removing  tlie  shallow  flowage  ao  as  to  get 
not  less  than  10  feet  depth  at  high  water,  by  making  steep  gravel  or 
paved  slopes  around  the  sides,  and  by  removing  all  stumps  and  sumo 
of  the  mud  from  the  lower  portions  of  the  reservoir.  The  drainage 
area  of  this  reservoir  contains  the  larger  part  of  the  towns  of  Marl- 
borough and  South  borough,  with  a  populiition  in  1885  of  about 
13,000,  This  reservoir,  having  a  larger  population  than  Reservoir 
No.  2,  on  a  smaller  watershed,  is  more  aflected  by  .sewage  pollution. 
There  are  fewer  swamps,  however,  on  this  watershed,  so  that  the 
water  has  less  color. 

licernoir  JVb.  4  was  Iwgun  in  1882  and  completed  in  1885.  It 
was  full  for  the  first  time  April  1,  1886.  This  reservoir  was 
thoroughly  cleaned  of  all  loam,  stumps  and  vegetable  matter  when 
first  constructed,  and  it  was  deepened  wherever  the  depth  at  high- 
water  mark  was  less  than  8  feet.  The  drainage  area  contains  but 
few  inhabitants  ;  a  portion  of  it  is  swampy. 

Lake  Cochituate,  from  which  water  flows  to  Chestnut  Hill  Reser- 
voir through  the  Cochituate  aqueduct,  has  an  area  of  801  acres  when 
full.  Its  high-water  mark  is  13  feet  4  inches  above  the  bottom  of 
the  Cochituate  aqueduct,  and  the  amount  of  water  stored,  above  a 
level  4  feet  above  the  bottom  of  the  aqueduct,  is  1,900,000,000 
gallons.  The  larger  portion  of  the  lake  is  natural,  but  it  has  been 
raised  at  three  difierent  times,  first  in  1844  and  last  in  1859,  a  total 
of  7  feet,  flooding  to  a  depth  of  about  6  feet  a  large  area  of  meadow, 
nearly  all  of  it  at  the  southerly  end  of  the  lake.  Since  1887  some 
extensive  improvements  have  been  made  on  the  shores  of  the  lake 
bordering  upon  these  flowed  meadows.  In  other  portions  of  the 
lake  a  clean  shore  of  griivel  or  sand  has  been  formed  by  the  action 
of  the  waves.  The  lake  occupies  the  bottom  of  a  narrow  valley 
running  nearly  north  and  south,  its  extreme  length  Iwing  about  3.5 
miles  and  its  greatest  width  about  1,800  feet.  At  two  points  the 
shores  approach  close  to  each  other,  and  roads  cross  the  lake  divid- 
ing it  into  three  divisions.  The  maximum  depth  in  the  southern 
division  is  72  feet,  in  the  central  divjsiou  50  feet,  and  in  the  northern 
division  64  feet. 
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Lake  Cochitaate  has  within  its  drainage  area  of  18.87  square  miles 
two  large  ponds  known  as  Dug  and  Waushakum  ponds,  and  poilions 
of  the  towns  of  Natick,  Framingham,  Sherborn  and  Wayland.     Dug 
Pond  is  the  source  of  water  supply  for  Natick,  and  will  be  descril>ed 
under  Natick.     Waushakum  Pond  is  used  as  a  water  supply  for  the 
Reformatory  Prison  for  Women  in  Sherborn,  and  will  be  referred  to 
under  Sherborn.     The  population  of  Natick  in  1885  was  8,460,  the 
larger  portion  of  which  is  within  the  Cochituate  watershed.     In  the 
town  of  Fiamingham  the  larger  part  of  the  village  of  South  Framing- 
ham,  with  a  population  of  about  5,000,  is  included  in  the  watershed. 
In  Wayland,  the  village  of  Cochituate,  with  about  1,200  inhabitants, 
and  in  Sherborn  a  population  of  about  250  persons  in  the  Refonna- 
tory  Prison  for  Women,  together  with  a  small  population  near  the 
village  of  South  Framingham,  are  included  in  the  watershed.     Some 
of  the  pollution  from  Natick  enters  the  southern  division  of  Lake 
Cochituate  through  Pegan  Brook ;  while  another  portion  goes  into 
Dug  Pond  and  only  enters  the  lake  when  there  is  an  overllow  from 
this  pond.     From  South  Framingham,  and  a  small  population  in 
Sherborn,  pollutions  enter  the  southern  division  of  the  lake  tlirough 
Beaver  Dam  Brook,  which  is  the  main  feeder  of  the  lake.     Sewage 
from  the  Reformatoiy  Prison  for  Women  is  filtered  through  land,  and 
the  effluent  runs  into  the  southerly  end  of  Lake  Cochituate  through 
Course  Brook.    Pollution  from  Cochituate  village  enters  the  northern 
division  of  the  lake  from  which  water  is  taken  for  supplying  the  city 
or  wasted  over  the  dam  when  there  is  a  surplus.    It  is  to  be  noticed 
from  the  foregoing  that  the  bulk  of  the  pollution  enters  the  lake  at 
its  southerly  end,  and,  owing  to  the  size  of  the  lake  and  its  sepam- 
tion  into  divisions,  a  long  time  elapses  before  such  pollution  can 
reach  the  entrance  to  the  aqueduct.     A  sewerage  system  has  been 
built  in  South  Framingham,  designed  to  pump  the  sewage  to  a  point 
outside  of  the  Cochituate  watershed  and  there  filter  it  through  land, 
but  it  was  not  put  in  operation  until  after  the  period  covered  by  this 
report.     The  watershed  of  Lake  Cochituate  is,  as  a  rule,  flat,  sandy 
or  gravelly  land.     In  the  valley  of  Beaver  Dam  Brook  there  are 
swamps  and  meadows  of  considerable  extent.     Just  outside  of  the 
watershed  of  Lake  Cochituate  is  Dudley  Pond,  having  an  area  of  81 
acres  and  a  small  watershed.     Water  can  be  drawn  from  this  pond 
into  the  lake  by  means  of  a  connecting  pipe. 

The  Sudbury  aqueduct,  in  its  course  from  Farm  Pond  to  Chest- 
nut Hill  Reservoir,  passes  through  the  watershed  of  Lake  Cochituate ; 
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and  where  it  crosses  Course  Bi'ook,  provision  is  made  for  turning 
water  from  Farm  Pond  or  the  Sudbury  Btnra;re  reservoirs  into  the 
brook.  In  this  way  it  is  poaailtle  to  use  Lake  Ct>chituate  as  a  storage 
reservoir  for  Sudbury  River  water ;  but  the  lake  has  not  been  so 
used  since  August,  1HH4,  so  that  the  analyses  of  water  from  Lake 
Cochituate  given  in  thia  report  have  not,  probably,  been  appreciably 
affeuted  by  tiie  addition  of  Sudbury  River  water. 

C^teMnut  ffiU  Reservoir,  situated  about  5.5  miles  from  the  centre 
of  the  city  and  within  the  municipal  limits,  is  the  main  low-service 
diatriljuting  reservoir  of  the  Cochituate  Works.  It  receives  water 
from  both  Sudbury  River  and  Lake  Cochituate.  The  reservoir  ia 
divided  into  two  basins.  The  lower  one,  known  as  the  Bradlee 
Basin,  has  on  area  of  85  acres,  and  its  capacity  is  550, (500, 000  gal- 
lons. The  upper  one,  known  as  the  Lawrence  Basin,  has  an  area  of 
38  acres,  and  its  capacity  ia  180,900,000  gallons.  The  total  area  of 
this  reservoir  is  123  acres,  and  its  total  capacity  is  TSl.-IOO.OOO  gal- 
lons. The  average  depth  of  water  in  the  Bradlee  Basin  ia  1!).8  feet 
and  its  maximum  depth  32  feet.  In  the  Lawrence  Basin  the  average 
depth  ia  14. C  feet  and  the  maximum  depth  17  feet.  Both  basinaare 
surrounded  with  steep  paved  slopea.  Nearly  all  of  the  loam  and 
muck  was  removed  from  the  bottom  of  the  Bradlee  Basin,  and  some 
was  removed  from  the  Lawrence  Basin. 

Brookh'ne  Ret^ervoir  ivas,  until  the  construction  of  the  Chestnut 
Hfll  Reservoir,  the  main  low-servico  distributing  reservoir.  It  is 
still  used  as  a  distributing  reservoir,  and  receives  about  the  same 
admixture  of  water  from  Sudbury  River  and  Lake  Cochituate  as  the 
Chestnut  Hill  Reservoir.  Its  area  at  a  level  2  feet  below  the  top  of 
the  dam  ia  22.95  acres,  and  its  capacity  at  this  level  is  1I9,(!00,000 
gallons.     Its  greatest  depth  is  24  feet  and  its  mean  depth  Ifi  feet. 

Tlie  Hiffh-Service  system  of  water  works  in  Boston  baa  been 
changed  during  the  time  covered  by  this  report.  In  ISS7  the  water 
for  the  high  service  was  pumped  in  Riixbury  from  one  of  the  niaius 
leading  to  the  city  into  the  Parker  Ilill  Reservoir.  After  Dec.  3, 
1887,  water  was  pumped  from  the  same  phice  to  the  Fisher  Hill 
Reservoir,  the  Parker  Hill  Reservoir  being  shut  off  from  the  supply 
until  July  2,  1S88.  On  May  8.  1888,  the  pumping  station  in  Rox- 
bur}'  was  abandoned,  and  the  pumping  is  now  done  at  the  new  pump- 
ing station  at  Chestnut  Hill  Reservoir,  the  wafer  being  pumped  to 
Fisher  Hill  Reservoir. 
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Fisher  HiU  Reservoir  is  rectangular  in  shape,  500  feet  long  by 
295  feet  broad,  measured  at  the  top  of  the  inner  slope  of  the  embank- 
ment. The  bottom  is  nearly  level,  the  depth  at  high- water  mark 
varying  from  18  to  20  feet.  The  bottom  is  formed  of  clay  puddle. 
The  slopes  for  about  two-thirds  of  the  way  from  the  bottom  are 
lined  with  concrete  and  above  with  stone  paving. 

Parker  HUl  Reservoir  is  nearly  rectangular  in  shape,  and  the  area 
of  the  water  surface  at  high  water  is  1.47  acres.  The  slopes  are 
paved  ;  the  bottom  is  nearly  level,  the  depth  varying  from  19  to  21 
feet  when  the  reservoir  is  at  high-water  mark.  The  bottom  of  the 
reservoir  is  formed  of  clay  puddle. 

Mystic  Works. 

These  works  supply  the  Charlestown  district  of  Boston,  the  cities 
of  Chelsea  and  Somerville  and  the  town  of  Everett.  The  popula- 
tion of  these  places  in  1885  was  as  follows  :  — 

city  or  Town.  Popnlatlon  in  188S. 

Charlestown, 37,673 

Chelsea, 25,709 

Somerville, 29,971 

Everett, 6,826 

Total 99,178 

The  estimated  total  population  in  1888  was  108,000. 

The  water  is  taken  from  the  Upper  Mystic  Lake  by  means  of  an 
aqueduct  to  a  pumping  station,  and  is  there  pumped  to  a  distribut- 
ing reservoir  on  College  Hill  in  Medford,  from  which  it  flows  by 
gravity  to  the  towns  supplied. 

Upper  Mystic  Lake  was  formerly  a  tidal  basin  at  the  head  of  the 
Mystic  River ;  but,  owing  to  the  small  size  of  the  river  and  the  dis- 
tance from  Boston  Harbor,  the  tidal  fluctuation  was  small,  the  water 
remaining  nearly  at  the  level  of  high  tide.  The  construction  of 
the  dam  between  the  Upper  and  Lower  Mystic  lakes  raised  the 
former  to  a  level  7  feet  above  high  tide,  and  increased  its  area  by 
flowing  a  large  amount  of  flat  land  at  the  upper  end.  Its  area  at  the 
present  high- water  mark  is  200  acres.  The  storage  capacity  above 
a  level  4.2  feet  above  the  bottom  of  the  aqueduct  is  380,000,000 
gallons.  The  lake  is  deep  in  all  portions  except  the  flowed  area  at 
the  upper  end.  The  maximum  depth  is  87  feet.  The  lake  receives 
its  supply  from  a  watershed  of  27.75  square  miles.     This  watershed 
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coDtains  the  city  of  Woburn,  the  town  of  Winchester  and  the  popa 
lated  poilion  of  the  town  of  Stoneham.  Tbt*  populution  of  tbesoi 
municipalitiea  in  1S85  was  as  follows:  — 

Wobum 11.750 

Winchester 4.390 

Stoneh&m, 5,650 


Total, 


In  addition  to  these  towns  a  portion  of  the  town  of  Reading  is 
included  in  the  watershed,  and  contains  a  population  as  large  aa  that 
contained  in  the  portion  of  the  town  of  Stonoham  not  in  the  wateiv 
shed;  so  that  the  total  populution  above  given  represents  verj 
nearly  the  total  population  on  the  watershed.  On  this  basis  tfaQ 
population  was  785  per  square  mile  in  1885.  The  population  at  thtt 
present  time  (1889)  is  estimated  to  bo  850  jier  srjuare  mile.  All  t 
the  three  towns  in  the  watershed  are  provided  with  public  water 
supplies.  The  amount  of  water  supplied  to  Wobum  is  about  800,<t 
000  gallons  per  day,  and  the  amount  used  in  Winchester  and  Stono- 
ham is  estimated  at  500,000  gallons  per  daj' ;  making  a  total  of 
1,300,000  gallona  per  day  of  water,  which  is  nearly  all  polluted  by; 
the  various  uses  to  which  it  is  put.  Of  this  amount  fully  1,000,000 
gallons  find  their  way  into  the  streams,  either  directly  or  by  oveiw 
flow  or  filtration,  from  cesspools.  The  remainder  of  the  poUutet} 
water,  chiefly  that  used  in  tanneries,  is  diverted  from  the  supply  l>y 
a  sewer  which  has  been  in  use  since  1878.  The  Mystic  watershed 
was  carefully  examined  in  1874  by  engineers  of  the  city  of  Boston^ 
who  found  that  the  watershed  then  contained  81  factories  employinot 
about  3,500  hands.  A  large  proportion  of  these  were  tanneries  ot 
curriers'  shops,  from  most  of  which  the  sewage  is  carried  away  by  tho 
sewer  above  referred  to.  There  are  several  tanneries,  howevBr, 
and  one  verj'  large  glue  factory,  which  are  far  from  the  sewer  an 
turn  their  refuse  into  tho  streams,  either  in  a  crude  state  or  s 
the  removal  of  some  of  the  offensive  matters. 

The  larger  part  of  the  watershed  is  drained  by  the  Abbajonw 
River,  which  enters  the  lake  at  its  northerly  end.  About  a  milo 
above  the  lake  the  river  is  joined  by  tho  Horn  Pond  branch,  coming'; 
from  the  westerly  side,  and  nearly  as  large  as  the  river.  At  and 
near  the  junction  of  these  streams  are  several  large  ponds  connected' 
with  each  other,  with  extensive  areas  which  are  very  shallow.  On 
tlie  Abbajona  River  above  the  junction  there  are  several  largo  mill- 
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ponds,  and  on  the  westerly  branch  is  situated  Horn  Pond,  Thia 
pond  is  described,  and  analyses  of  its  water  are  given,  nnder 
Woburn.  Tlie  large  storage  reservoir  of  the  Winchester  water 
works  is  situated  in  the  easterly  part  of  the  waterahed  (see  Win- 
chester). The  Mystic  drainage  area  is  generally  hilly  and  contains 
few  swamps. 

Golleje  Hill  Reservoir  is  4.5  acres  in  area,  ami  2(1  feet  deep  at  high 
water.  It  is  divided  into  two  pails  by  a  partition  embankment,  the 
top  of  which  is  5  feet  below  high-water  mark.  The  water-tight 
lining  of  the  bottom  of  the  reservoir  is  formed  of  a  layer  of  ]mddle 
covered  with  3  inches  of  concrete.  The  sides,  which  have  a  slope 
of  IJ  to  1,  are  formed  of  a  layer  of  jiuddle  covered  with  brick  work 
8  inches  in  thickness  up  to  a  line  4^  feet  below  high  water,  above 
which  is  a  facing  of  granite. 

Jamaica  Pond  Supply. 

Jamaica  Pond  was  the  principal  source  of  water  supply  for  the 
city  of  Boston  between  the  years  17(16  and  1848,  and  has  con- 
tinued to  be  used  as  a  source  of  water  supply  to  the  present  time. 
The  works  are  at  present  owned  by  the  Jamaica  Pond  Aqueduct 
Company,  and  water  is  supplied  to  a  portion  of  the  Roxbury  dis- 
trict of  Boston.  The  pond  is  situated  within  the  limits  of  the  city. 
Its  area  at  high  water  ia  about  139  acres,  and  its  maximum  depth  57 
feet.     It  is  nowhere  shallow,  and  the  average  depth  is  about  27  feet. 

The  drainage  area  of  4(!7  acres  (including  the  area  of  the  pond) 
is  inhabited  by  about  600  people  —  equal  to  822  to  the  square  mile. 
The  main  portion  of  the  drainage  area  is  occupied  by  the  largo 
ostutes  of  wealthy  residents.  Near  the  pond  on  the  southeasterly 
side  the  population  is  more  dense.  This  population,  however,  con- 
sisting of  about  150  people,  is  in  a  district  provided  with  sewers 
which  divert  the  sewage  from  the  pond.  On  the  westerly  side  of 
the  pond  there  is  a  small  cluster  of  houses,  occupied  by  about  100 
people,  in  a  district  not  provided  with  sewers.  There  are  no 
swamps  on  the  drainage  area.  The  Jamaica  Pond  Aqueduct  Com- 
pany supplies  water  to  consumers  by  pumping  to  a  sm;ill  stand- 
pipe.  Distributing  mains  are  of  cast  iron.  Service  pi|ies  are  of 
lead.  There  were  about  1,, 000  water  takers  in  1«87,  When  the 
supply  of  water  from  the  pond  is  insutScient,  water  is  purchased 
from  the  Cochituate  Works  of  the  city  of  Boston. 
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contains  the  city  of  Wobum,  the  town  of  WinchcBter  and  the  popu- 
lated portion  of  the  town  of  Stonehani.  The  population  of  these 
municipalities  in  1885  was  as  follows  :  — 

Wobum, 11,750 

Winchester 4,390 

Stonebam 5,66<l 

Total 21,793 

In  addition  to  these  towns  a  portion  of  the  town  of  Reading  is 
included  in  the  watershed,  imd  contains  a  population  as  large  as  that 
contained  iu  the  portion  of  the  town  of  Stoneham  not  in  the  water- 
shed; 80  that  the  total  population  above  given  represents  very 
nearly  the  total  population  on  the  watershed.  On  this  Iiasis  the 
population  was  785  per  square  mile  in  1885.  The  jmpulatinn  nt  the 
present  time  (1889)  is  estimated  to  he  850  per  square  mile.  All  of 
the  three  towns  in  the  watershed  are  provided  with  public  water 
supplies.  The  amount  of  water  supplied  to  Woliurn  is  about  8(X),- 
000  gallons  per  dny,  and  the  amount  useil  in  Winchester  and  Stonc- 
ham  is  estimated  at  500,000  gallons  per  day ;  making  a  total  of 
1,300,000  gallons  per  day  of  water,  which  is  nearly  all  polluted  hy 
the  various  uses  to  which  it  is  put.  Of  this  amount  fully  1 ,000,000 
gallons  find  their  way  into  the  Btreams,  either  directly  or  by  over- 
flow or  filtration,  from  cesspools.  The  remainder  of  the  polluted 
water,  chiefly  that  used  in  tanneries,  is  diverted  from  the  supply  by 
a  sewer  which  has  been  in  use  since  1878.  The  Mystic  watershed 
was  carefully  examined  in  1874  by  engineers  of  the  city  of  Boston, 
who  found  tliat  the  watershed  then  contained  81  factories  employing 
about  3,500  hands,  A  large  proportion  of  these  were  tanneries  or 
carriers'  shops,  from  most  of  which  the  sewage  is  carried  away  hy  the 
sewer  above  referred  to.  Tliere  are  several  tanneries,  however, 
and  one  very  large  glue  factory,  which  are  far  from  the  sewer  and 
turn  their  refuse  into  the  streams,  either  in  a  crude  state  or  after 
tie  removal  of  some  of  the  offensive  matters. 

The  larger  part  of  the  watershed  is  drained  by  the  Abhajona 
River,  which  enters  the  lake  at  its  northerly  end.  About  a  mile 
above  the  lake  the  river  is  joined  hy  (he  Horn  Pond  bi-anch,  coming 
from  the  westerly  side,  and  nearly  as  largo  as  the  river.  At  and 
near  the  junction  of  these  streams  are  several  large  ponds  connected 
with  each  other,  with  extensive  areas  which  are  very  shallow.  On 
tlio  Abbajona  River  above  the  junction  there  arc  several  large  mill- 
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ponds,  and  on  the  westerly  branch  is  situated  Horn  Pond.  This 
pond  is  described,  and  analyses  of  its  water  are  given,  under 
Wobum.  The  large  storage  reservoir  of  the  Winchester  water 
works  is  situated  in  the  easterly  part  of  the  watershed  (see  Win- 
chester) .  The  Mystic  drainage  area  is  generally  hilly  and  contains 
few  swamps. 

Colleje  Hill  Reservoir  is  4.5  acres  in  area,  and  26  feet  deep  at  high 
water.  It  is  divided  into  two  parts  by  a  partition  embankment,  the 
top  of  which  is  5  feet  below  high- water  mark.  The  water-tight 
lining  of  the  bottom  of  the  reservoir  is  formed  of  a  layer  of  puddle 
covered  with  3  inches  of  concrete.  The  sides,  which  have  a  slope 
of  1}  to  1,  are  formed  of  a  layer  of  puddle  covered  with  brick  work 
8  inches  in  thickness  up  to  a  line  4|  feet  below  high  water,  above 
which  is  a  facing  of  granite. 

Jamaica  Pond  Supply. 

Jamaica  Pond  was  the  principal  source  of  water  supply  for  the 
city  of  Boston  bettv^een  the  years  1796  and  1848,  and  has  con- 
tinued to  be  used  as  a  source  of  water  supply  to  the  present  time. 
The  works  are  at  present  owned  by  the  Jamaica  Pond  Aqueduct 
Company,  and  water  is  supplied  to  a  portion  of  the  Roxbury  dis- 
trict of  Boston.  The  pond  is  situated  within  the  limits  of  the  city. 
Its  area  at  high  water  is  about  69  acres,  and  its  maximum  depth  57 
feet.     It  is  nowhere  shallow,  and  the  average  depth  is  about  27  feet. 

The  drainage  area  of  467  acres  (including  the  area  of  the  pond) 
is  inhabited  by  about  600  people  —  equal  to  822  to  the  square  mile. 
The  main  portion  of  the  drainage  area  is  occupied  by  the  large 
estates  of  wealthy  residents.  Near  the  pond  on  the  southeasterly 
side  the  population  is  more  dense.  This  population,  however,  con- 
sisting of  about  150  people,  is  in  a  district  provided  with  sewers 
which  divert  the  sewage  from  the  pond.  On  the  westerly  side  of 
the  pond  there  is  a  small  cluster  of  houses,  occupied  by  about  100 
people,  in  a  district  not  provided  with  sewers.  There  are  no 
swamps  on  the  drainage  area.  The  Jamaica  Pond  Aqueduct  Com- 
pany supplies  water  to  consumers  by  pumping  to  a  small  stand- 
pipe.  Distributing  mains  are  of  cast  iron.  Service  pipes  are  of 
lead.  There  were  about  1,500  water  takers  in  1887.  When  the 
supply  of  water  from  the  pond  is  insufficient,  water  is  purchased 
from  the  Cochituate  Works  of  the  city  of  Boston. 
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Si'DBURY  RivEH  Sdppi-t.  —  Ckemicai  ExaminiUion  of  WaUrfro: 
in  Anhlaiid,  eolltxUd  one  foot  bcnea'Ji  the  surfact 
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Microseopicat  Examination. 
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(^emical  Examination  of  Water  from  Beservoir  No.  4,  in  Ashland  —  Coocladed. 
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Chemical  Exaynination  of  Water  from  Reservoir  No.  4,  in  Ashland—  Concluded. 
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(^emieal  Examination  of  Water  from  Sudbury  River—  Concluded. 
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Chemical  ExaminalioH  of  Water  from  Hescrvotr  No.  3  —  Concluded. 
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Otemieal  Baaninaiion  of  Water  from  College  Hill  BiMribtUing  Reservoir— Con. 
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Ilroopi  md  prliKlpnl  ■men  of  orpnitma  obierved:  1.  UynnnpltrFeB,  a.  Palraellnet'ia.  Vilitro- 
iwcHi;  Znoiporcee:  DHmldluscin :  DI(ti>niimiB,  Suuedra.  3.  BuhJiiMDyiiuiM.  Otcillaria.  *.  Froiunw; 
aollferii  Kulonoiirini. 

Water  Supply  of  Braintrbb.  —  Braintrbb  Water  SupPi-r 
Company. 

Description  of  Worlcs. — Population  in  1885, 4,040.  The  works  are 
owned  by  the  Braintree  Water  Supply  Company.  •  Water  was  intro- 
duced in  1887.  The  source  of  supply  i3  a  filter-gallery  on  the  eastern 
shore  of  Little  Pond  iu  South  Braintree.  Little  Pond  has  an  area  of  75 
acres  when  full,  but  when  drawn  down  six  feet  its  area  is  said  to  Iw 
but  48  acres.  The  owners  of  the  water  privilege  at  the  outlet  of- the 
pond  have  tlie  right  to  draw  it  down  six  feet.  Its  drainage  area  ia 
about  350  acres,  and  there  is  quite  a  large  population  on  this  area, 
mostly  in  the  village  of  South  Brnintree,  which  is  on  the  same  side  of 
the  pond  as  the  filter- gallery.  This  village  has  no  system  of  sew- 
erage. The  filter-gallery  is  110  feet  in  length  and  15  feet  in  width; 
its  side  walls  are  13.5  teet  high,  built  of  granite  laid  dry.  A  brick 
arch  forms  the  roof.  The  bottom  of  the  gallery  ia  Ki.S  feet  IkiIow 
high  water  in  Little  Pond.  Water  is  pumped  from  the  filter-gallery 
to  an  open  iron  tank  30  feet  in  diameter  and  100  feet  high.  Dis- 
tributing mains  are  of  cast  iron  and  service  pipes  of  enameled  iron. 

Chemiral  Examinalion  of  Water  from  the  Filler-Oailery  of  the  Braintree 

Water  Supply  Company. 
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Chetnifol  Examination  of  Water  from  the  Filter- QaUery,  Braintree — Concluduil. 
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Mieroseepical  Examination. 
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Chemical  Examination  of  Water  from  Little  Pond  in  Srainlree. 
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Water  Scpplt  op  Bridgewater  and  East  Bridoewater.  — 

Bridoewaters  Water  Company. 
Description  of  Works. — Population  in  1885:  Bridgewater,  3,827  ; 
East  Bridgewater,  2,812  ;  total,  6,639.  The  works  are  owned  by  the 
Bridgewaters  Water  Company.  Water  was  introduced  in  lf*88. 
The  average  daily  consumption  in  the  summer  of  1889  was  about 
75,000  gnllons.  The  sources  of  supply  are  three  wells  on  the  east 
bank  of  the  Town  River  in  Bridgewater.  The  largest  well  is  60 
feet  in  length,  25  feet  In  width  and  17  feet  in  depth;  its  shape  ia 
oval.  The  second  well  ia  a  short  distance  from  the  first,  nnd  is 
cylindrical  in  shape,  22  feet  in  diameter  and  22  feet  in  depth. 
Each  of  these  wells  is  covered  by  a  roof  which  excludes  the  light. 
The  third  well  was  built  in  May,  1889 ;  it  is  25  feet  in  diameter 
and  27  feet  in  depth ;  ita  walla  are  of  boiler  iron.  In  the  bottom 
of  this  well  a  tubular  well  6  inches  in  diameter  has  been  sunk  to 
a  farther  depth  of  86.5  feet.  A  small  additional  supply  is  obtained 
from  a  apring  near  by,  which  flows  by  gravity  into  the  smallest  well. 
The  iMittom  of  the  largest  well  is  about  one  foot  below  the  ordinary 
level  of  the  water  in  the  river.  The  region  about  the  wella  and  back 
of  them  ia  practically  uninhabited.  For  a  considerable  distance  back 
there  is  grass  land ;  farther  back  there  is  considerable  woodland. 
Water  from  the  wells  is  pumped  to  an  open  iron  tank  22  feet  in 
diameter  and  75  feet  high.  Distributing  mains  are  of  cast  iron. 
Service  pipes  are  of  .wi-ought  iron. 
Chemical  Examinalion  of  Water  from  the  Wells  of  Ote  Bridgewaters  Water  Company. 
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Chemical  Exammaiwn  of  Water  from  the  Wells  of  the  Bridgewaten  Water 
Company — CoDcluded. 
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Microscopical  Examination. 


IMS. 

1M>. 

Junr 

jDir 

.0», 

oc. 

o.. 

x^. 

o^- 

J„.. 

rob. 

V». 

Apr. 

«»?. 

1.    BloB-ewn  Alg*,         .       .       . 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

... 

0.0 

0.0 

0.0 

i.    OUierAlgB 

0.0 

0.0 

o.o 

pr. 

0.1 

o.o 

0.0 

0.0 

0.0 

O.I 

p.. 

3.    Fund 

8.0 

«.o 

0.0 

pf. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

1.    AnlmnlForai 

0.0 

0.0 

<1.0 

o.o|u.o 

o.o 

pr. 

0.0 

0.0 

0.0 

pr. 

0.0 

Chemical  Examination  of  Water  from  the  Tbtan  Biver  at  Bridgeieater. 
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WATEE  SUPPLY  AND  SEWERAGE. 
Micmcopieal  Examination. 
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Water  Sdpplt  of  State  Farm,  Bridqewater. 
This  is  a  supply  to  a  public  institution  which  has  a  population 
avemging  about  450,  The  works  were  built  in  liiH5.  The  source 
of  supply  is  the  Taunton  Kiver  near  Dunbar's  Bridge  between 
Bridgewater  and  Middleborough  and  a  short  distance  be]o^y  the 
mouth  of  the  Nemasket  River.  AVater  is  pumped  to  an  open  iron 
tank  17  feet  in  diameter  and  55  feet  high.  A  supply  of  water  for 
drinking  purposes  has  at  times  been  obtained. from  a  spring.  Dis- 
tributing mains  are  of  cast  iron.     Service  pipes  are  of  lead. 

Chemieai  Examination  of  Water  fnmt  the  Taunton  Siver  at  Bridgewater,  a  short 
distance  below  the  confluence  of  the  Taunton  anil  Neniaskel  Sivera. 
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Chemical  Examination  of  Water  from  the  Taunton  Biver  at  Bridgeuiaier,  a  short 
distance  below  the  confluence  of  the  Taunton  and  Nemasket  Rivers  —  Con. 
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WATER  SUPPLY  AND   SEWERAGE. 


Chemical  Examination  of  Water  from  the  Taujilon  Biitr  at  Bridgewaler,  a  short 

distance  beloto  the  oonfluenee  of  the  Tannton  and  Neinaskel  Rivers. 
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Water  Supply  of  Brockton. 

Description  of  Works.  —Population  in  1885,  20,783.  The  works 
are  owned  by  the  city.  Water  was  introduced  in  1880.  The  aver- 
age daily  consumption  in  1888  is  estimated  to  have  been  about 
1,000,000  gallons.  The  source  of  supply  is  a  storage  teservoir  on 
Salisbury  Brook,  in  Avon,  near  the  boundary  line  between  Avon  and 
Brockton.  Area  of  reservoir,  about  100  acres  ;  maximum  depth,  18 
feet ;  capacity,  330,000,000  gallons.  The  bottom  of  the  reservoir 
slopes  somewhat  regularly  from  the  upper  end  toward  the  dam. 
The  average  depth  is  not  great,  but  there  is  not  much  very  shallow 
flowage  in  the  reservoir  proper.  When  the  water  is  high,  however, 
the  lower  end  of  a  large  meadow  at  the  upper  end  of  the  reservoir 
is  flowed  to  a  small  depth.  A  portion  of  this  meadow,  adjoining 
the  reservoir,  is  partially  isolated  from  it  by  dikes  built  in  1887. 
The  drainage  area,  of  3.12  square  miles,  contains  but  a  small  pop- 
ulaiion.  On  the  borders  of  the  drainage  area,  the  land  is  generally 
rocky  and  covered  with  wood,  and  the  slopes  are  very  abrupt.  In 
the  middle  of  the  area  there  is  a  large  amount  of  meadow  and 
swamp  land,  over  the  surface  of  which  the  water  slowly  finds  its 
way  to  the  channel  which  conveys  it  to  the  reservoir.  For  the  pur- 
pose of  obtaining  filtered  water,  4-inch  tile  drains  were  laid  beneath 
the  bottom  of  the  reservoir  before  it  was  filled.  The  drains  are 
30  inches  beneath  the  surface  and  8  feet  apart,  and  are  connected 
with  a  conduit  from  which  the  water  can  be  drawn  into  the  main 
supply  pipe  to  the  city.  An  area  of  about  65,000  square  feet  was 
prepared  in  this  way,  but  the  filter  has  never  been  used  except  to 
test  it,  as  the  water  from  it  causes  complaint  as  soon  as  it  is  turned 
on.  Water  is  distributed  by  gravity.  Distributing  mains  are  of 
cast  iron,  with  the  exception  of  the  main  pipe  from  the  reservoir  to 
the  city,  which  is  of  wrought  iron  lined  with  cement.  Service  pipes 
are  of  wrought  iron  lined  with  cement. 

A  bad  taste  and  odor  have  been  observed  in  the  water  of  the  reser- 
voir during  the  summer  and  fall  of  several  years.  This  first  occurred 
in  1881,  while  water  was  being  drawn  from  the  bottom  of  the  res- 
ervoir. The  intake  was  then  changed  to  a  point  near  the  surface, 
and  complaint  of  the  taste  and  odor  ceased  for  the  time.  It  is  said 
that  the  trouble  was  not  serious  again  until  1885,  but  it  has  occurred 
every  year  since  this  date.  The  character  of  this  water  and  the 
causes  of  the  tastes  and  odors,  will  be  discussed  in  a  subsequent 
portion  of  this  report. 


"WATER  SUPPLY  AND  SEWERAGE.  [Dec. 


Chemical  Examinatuin  of  Water  from  the  Wells  of  the  Bridgewatera  Water 
Company — Concluded. 
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Water  Supply  of  State  Farm,  Bkidqewateb. 
This  is  a  supply  to  a  public  institution  which  has  a  population 
ftvemging  about  450.  The  works  were  built  in  1885.  The  source 
of  supply  is  the  Taunton  River  near  Dunbar's  Bridge  between 
Bridgewater  and  Middlehorough  and  a  short  distance  below  the 
mouth  of  the  Nemasket  River.  Water  is  pumped  to  an  ojren  iron 
tank  17  feet  in  diameter  and  55  feet  high.  A  supply  of  water  for 
drinking  purposes  has  at  times  been  obtained  from  a  spring.  Dis- 
tributing mains  are  of  cast  iron.     Service  pipes  are  of  lead. 

Chemical  Examinalion  of  Water  from  the  Taunton  Riuer  at  Bridgewater,  a  short 

diUance  below  the  confluence  of  the  Taunlon  and  Ncntaskel  Rivera. 
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Chemical  Examination  of  Water  from  the  Taunton  River  at  Bridgeioaler,  a  short 
distance  below  Uie  confluence  of  the  Taunton  and  Nemaskei  Rivers  —  Con. 
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Chemical  Hxaminalion  of  Water  from  the  Taunton  Ricer  nt  Bridgewater,  a  s 
distance  below  the  eonfiuence  of  the  Taunton  and  Ncmaskel  Riven. 
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Chemical  Examination  of  Water  from  a  Spring  at  State  Farm,  Bridgewater 
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Chemical  Examination  of  Water  from  (Ae  Jbunfon  A'l-cr  a(  Bridgewater  Just 

above  its  confluence  with  the  Nemasket  River. 
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Chemical  Examinalion  of  Sample  from  Center  Street  Brain,  Brockton. 
[Pull  per  1(W,K».] 
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Chemical  Examination  of  Water  from  Factory  Pond,  Brockton. 
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Water  Supply  of  Brookfield. 
Description  of  JToj-Ars,  — Population  in  1885,  3,013.  The  works 
are  owned  by  the  town  of  Brookfield.  Water  was  introduced  in  1889 
for  fire  purposes,  but  it  is  now  used  to  a  slight  e.vtent  for  domestic 
purposes  also.  The  source  of  supply  is  a  small  storage  reservoir 
located  near  the  boundary  line  between  Brookfield  and  North  Brook- 
field.  Its  area  is  about  1^  acres,  in  addition  to  which  there  is  a 
considenilile  area  flowed  to  a  slight  depth  at  high  water.  The  maxi- 
mum depth  of  the  reservoir  is  17  feet,  and  the  bottom  is  of  clay  and 
gravel.  Tho  drainage  area  of  about  70  acres  is  uninhabited  and 
consists  mainly  of  cultivated  and  pasture  land  ;  there  is  a  small  area 
of  woodland.     Distributing  mains  are  of  cast  iron. 
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Chemical  Examination  of  Water  from  Brookjield  Storage  Reservoir. 

tPart<p«r  100.000.] 
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reservoir.    No.  48d9  was  collected  from  a  faucet  in  the  village  of  Brookfleld. 


Water  Supply  of  Brookltne. 

Description  of  Works.  —  Population  in  1885,  9,196.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1875  ;  th^  average 
daily  consumption  in  1888  was  835,000  gallons.  The  source  of 
supply  is  a  filter-gallery  on  the  right  bank  of  Charles  River  at  West 
Koxbury.  The  gallery  is  built  in  three  sections.  The  first  section 
is  491  feet  long,  the  second  271  feet  and  the  third  300  feet.  The 
first  and  second  sections  of  the  gallery  are  connected  by  a  pipe  con- 
duit 389  feet  in  length,  and  the  third  section  is  practically  an  exten- 
sion of  the  second,  differing  from  it  in  size  and  manner  of  construction. 
The  first  two  sections  are  4  feet  wide  with  side  walls  2  feet  high  of 
stone  laid  dry.  The  arch  is  of  brick  laid  in  cement.  The  third 
section  is  larger  than  the  others,  being  6  feet  wide  and  6  feet  high, 
with  side  walls  laid  in  cement  and  arched  like  the  others.  A  ditch 
has  been  dug  from  the  river  alongside  the  second  section  of  the 
gallery,  and  when  necessary  this  ditch  is  filled  with  water  from  the 
river  to  increase  the  amount  filtering  into  the  gallery.  A  direct 
connection  has  also  been  built  between  this  ditch  and  the  gallery  in 
order  that  river  water  may  be  taken  direct  if  necessary.  This  connec- 
tion is  said  to  have  been  used  but  once.  The  bottom  of  the  gallery  is 
6  feet  below  the  river  in  its  lowest  stage.  Pumps  force  the  water 
from  the  filter-gallery  to  an  open  distributing  reservoir.  The  shape 
of  this  reservoir  is  an  irregular  oval.  Its  depth  when  filled  to  high- 
water  mark  is  20  feet,  and  its  corresponding  capacity  6,050,000 
gallons.     The  slopes  and  bottom  are  lined  with  clay  puddle,  the 
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layer  od  the  slopes  baving  a  tbickucss  of  IS  inches  and  that  on  the 
bottom  12  inches.  The  bottom  puddle  is  covored  with  a  layer  of 
concrete  4  inches  in  thickness,  and  the  slopes  with  1 2  inches  of  broken 
stone  upon  which  is  laid  a  dry  elope  wall  of  stone.  The  water  enters 
the  reservoir  at  one  end  and  is  drawn  from  it  at  the  same  place.  At 
a  point  on  the  main  pipe  ahont  half  way  between  tho  source  of  supply 
and  tho  reservoir  a  second  pnmp  is  located,  which  forces  water  from 
the  main  to  an  iron  tank,  30  feet  high  and  50  feet  in  diameter,  used 
for  high-service  distribution.  The  tank  was  originally  open  at  the 
top,  but  was  covered  to  exclude  light  Aug,  11,  1887.  Distributing 
mains  are  of  cast  iron,  service  pipes  are  generally  of  wrought  iron 
lined  with  cement,  though  lead  is  also  used.  There  are  also  a 
few  of  enameled  iron,  which  was  used  at  the  time  the  works  were 
built. 

The  water  when  pumped  from  the  filter-gnllery  has  always  been 
free  from  odor  and  taste  ;  but,  after  standing  in  the  reservoir,  and  ia 
the  high-service  tank  before  it  was  covered,  it  acquired  a  disiigree- 
able  taste  and  odor.  Since  the  high-service  tank  was  covered,  the 
water  in  it  has  not  deterionited.  In  1870,  in  order  to  secure  cir- 
culiition  in  the  distributing  reservoir  and  thereby  preveut  the  recur- 
rence of  the  disagreeable  taste  and  odor,  tho  inlet  pipe  was  extended 
around  the  reservoir  to  a  point  opposite  the  gate-house  ;  and,  after 
thoroughly  cleaning  the  reservoir,  practically  all  the  water  used  for 
the  supply  of  the  town  was  passed  through  it,  entering  at  one  end 
and  flowing  out  from  the  opposite  end.  The  amount  of  water  in  the 
reservoir  at  this  time  was  usually  not  over  a  dny's  supply  for  the 
town,  and  ns  a  consequence  most  of  the  water  was  changed  every 
day.  It  was  eoon  found,  however,  that  the  quality  of  the  water  was 
not  appreciably  improved  iiy  this  arrangement,  and  it  was  given  up. 
At  present  the  water  in  the  low-service  reservoir  is  changed  as  little 
83  possible,  water  being  pumped  at  about  the  same  rate  na  it  is  used. 
From  April  I  to  December  1  the  pumps  are  run  from  C  a.m.  to  10  p.m. 
During  the  remaining  four  months  tlie  pumps  are  run  twelve  hours 
per  day,  which  is  found  to  be  sufficient  to  prevent  complaiuts  at  that 
seasoD  of  the  year. 


i 


1889.]  WATER  SUPPLY  AND   SEWERAGE. 


Chemical  Examinalion  of  Water  from  the  Filter- OalUrg  of  the  Srooklin 
Water  Works. 
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Chemical  Examuiotion  of  Waier  from  the  Distributing  Reservoir  of  the  BrootJine 
Water  Work*. 
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Ckemieat  Examination  of  WaUr  from 
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of  the  Brookline  WiUer  Works  at  Weal  Roxbury — Concluded. 
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Water  Sdpplt  op  Cahbbidue. 
Description  of  Works.  —  Population  in  1885,  59,658.  The  works 
are  owned  by  the  city.  Water  was  introduced  in  1856.  The  average 
daily  consumption  in  1888  was  4,138,000  gallons.  The  sources 
of  supply  are  Freeh  Pond  in  Cambridge  and  a  storage  reservoir  on 
Stony  Brook  ia  Waltham  and  Weaton. 
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Fresh  Poad,  the  original  source  of  supply,  is  a  natural  pond.  Its 
maximum  depth  is  about  46  feet.  The  character  of  the  bottom 
is  variable,  consisting  of  clay,  gravel  and  vegetable  deposits. 
Many  improvements  have  recently  been  made  in  the  pond  and 
its  immediate  surroundings  to  make  it  a  more  satisfactory  reser- 
voir for  the  storage  of  water.  Several  <<  nooks"  in  which  the  water 
was  shallow  have  been  cut  off  from  the  pond  by  means  of  dams,  and 
others  have  been  deepened,  so  that  practically  the  entire  area  of  the 
pond  has  now  a  depth  of  at  least  9  feet  at  high  water.  In  mak- 
ing these  improvements  the  area  of  the  pond  has  been  reduced 
about  20  acres,  and  its  present  area  is  about  165  acres.  The  bound- 
aries of  the  area  contributing  water  to  the  pond  are  somewhat  indefi- 
nite, since  much  of  the  water  entering  the  pond  filters  through  the 
ground  from  areas  beyond  the  superficial  watershed ;  moreover,  the 
contributing  area  enlarges  as  the  pond  is  drawn  down.  By  the  latest 
estimates  this  area  is  placed  at  569  acres.  It  contains  a  large 
population. 

Stony  Brook  storage  reservoir  was  completed  in  1887.  It  is 
about  1^  miles  in  length  and  one-fourth  of  a  mile  in  width.  The 
shores  are  bold  and  rocky  and  the  available  depth  of  water  in  the 
reservoir  when  full  is  20  feet.  Its  area  is  75  acres  ;  capacity,  354,- 
000,000  gallons ;  average  depth,  about  15  feet.  The  bottom  and 
sides  were  carefully  cleaned  by  removing  the  mud  or  by  covering 
it  with  gravel,  and  by  removing  the  trees,  stumps  and  other  objec- 
tionable matter.  About  80,000  cubic  yards  of  mud  were  taken  out. 
The  bottom  is  now  of  clay  in  some  places  and  of  gravel  and  bowlders 
in  others.  There  is  practically  no  shallow  flowage.  The  drainage 
area  of  21  square  miles  includes  much  of  the  area  of  the  towns  of 
Weston  and  Lincoln,  a  considerable  area  in  the  city  of  Waltham, 
and  a  very  small  one  in  Lexington.  At  the  head  of  Stony  Brook  is 
Sandy  Pond,  which  is  the  source  of  the  water-supplies  of  the  towns 
of  Concord  and  Lincoln ;  it  has  an  area  of  about  152  acres.  On  a 
small  branch  which  enters  Stony  Brook  below  Sandy  Pond  is  Beaver 
Pond,  which  is  said  to  have  an  area  of  about  20  acres.  There  are  no 
other  large  ponds  in  the  drainage  area.  The  region  contains  two  hills 
of  considerable  height,  but  is  otherwise  a  gently  rolling  country, 
containing  a  scattered  farming  population  and  a  few  small  villages. 
The  total  population  is  about  1,900,  or  90  to  the  square  mile. 
There  is  no  sewerage  system  in  any  portion  of  this  area,  and  only 
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Chemical  Examination  of  WaUr  from  the  High  Service  Tank  of  the  Brookline 
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Microscopieai  Examtiiation. 
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Chemical  Examination  of  Water  from  Fresh  Pond  in  Cambridge  —  CoQcludeil. 
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Chemical  Examination  of  Water  from  Stony  Brook  Conduit. 
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Table  showing  Beigkla  of  Water  in  Stony  Brook  Se»erv<nr  and  Fresh  Pond  at  tM 
limes  when  Samples  of  Water  were  Collected  for  Analyiia. 
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Water  Supplj*  or  Canton. 

Description  of  Works.  —  Population  in  1885,  4,380.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  May,  1889.  The 
source  of  supply  is  a  large  well  located  near  Springdale  station 
on  the  Stoughton  branch  of  the  Old  Colony  Railroad  and  not  far 
from  the  boundary  line  between  Canton  and  Stoughton.  The  well 
is  about  40  feet  in  diameter  and  is  situated  near  Beaver  Brook. 
In  addition  to  the  large  well  about  ten  tubular  wells  in  its  vicinity 
are  connected  with  the  pumps.  Water  was  pumped  from  these  wells 
during  the  construction  of  the  large  well  to  lower  the  ground 
water.  Pumps  force  the  water  from  the  wells  to  an  open  iron  tank 
35  feet  in  diameter  and  65  feet  in  height.  Distributing  mains  are  ot 
cast  iron.  Service  pipes  are  of  wrought  iron,  lined  with  cement,  and 
enameled  iron.  The  act  of  the  Legislature  under  which  the  works 
have  been  constructed  also  authorized  the  town  to  take  water  from 
York  Pond  and  Beaver  Brook  in  Stoughton  and  Canton. 

Chemical  ExamincUion  of  Water  from  the  Well  and  TtUnilar  Wells  of  the  Canton 

Water  Works. 

[Parts  p«r  100,*000.] 


Datb  or 

Appsabavcb. 

RsaiDDB  OK 
EVAPOIUTIOV. 

Ammoxia. 

• 

c 

i 

.43 
.41 

NiTKOOBN 
AB 

• 

§ 

'A 

S 

1 

o 

Exam- 
ination. 

• 

B 

1 

6 

• 

i 

Loss  on 
Ignition. 

1 

• 

1 

Albn- 
minold. 

• 

m 
it 

e 

• 

m 

5 

8526 
47&9 

18 

Nov.  12 

IS 

Jane   2 

SS. 

Nov.  12 

S9. 

Jane   8 

Very  alight. 
None. 

None. 
None. 

0.0 

o.b 

6.70 
6.45 

- 

: 

.0000 
.0022 

.0004 
.0034 

.0750 
.0800 

.0000 
.0014 

Hardneaa  In  June,  18^,  3.6.    Odor,  none. Sample  No.  8526  waa  collected  from  the  discharf^e  pipe 

of  a  pump  drawing  water  from  tabular  wells  In  the  vicinity  of  the  proposed  collecting  well.  No.  4759 
waa  collected  from  a  fancei  at  the  pamping  station  soon  after  the  latter  waa  completed  and  before  the 
well  had  been  thorooghly  cleaned  after  its  completion. 


Microscopical  Examination. 

November,  1888.    No  organlsais  presenL 
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Water  Supply  of  Chelsea. 
DesL-ription  of  Works.  — Population  in  1885,  25,709.  The  works 
are  owned  by  the  cilj.  Water  was  introduced  in  1867.  The 
source  of  supply  is  Upper  Mystio  Lake,  from  which  water  is  fur- 
nished to  Chelsea  by  the  eity  of  Boston  frura  the  Mystic  Works. 
A  high-service  system  was  conatnicted  in  1886,  and  water  for  the 
high-service  districts  is  pumped  from  the  main  supply  pipe  to  a 
reservoir  on  Powder  Horn  Hill.  This  reservoir  is  148  feet  long  by 
68  feet  wide  on  the  bottom  and  178  feet  long  by  98  feet  wide  at  the 
top.  It  is  15  feet  in  depth  and  its  capacity  is  one  million  gallons. 
The  bottom  and  slopes  are  covered  with  concrete.  The  distributing 
mains  were  originally  of  wrought  iron  lined  with  cement;  cast  iron 
has  been  used  in  repairs  and  extensions  for  several  years,  and  in 
1888  about  28  per  cent,  of  the  distributing  mains  were  of  cast  iron. 
Service  pipes  are  of  lead.  For  a  description  of  the  source  of  supply 
s  of  the  water,  see  Boston,  Mijstic  Works. 


Watee  Supply  of  CnESUir.E. — Cheshirb  Water  Company. 

Description  of  Works.  —  Population  in  1885,  1,448.  The  works 
are  owned  by  the  Cheshire  Water  Company.  Water  was  introduced 
in  1876.  About  200  people  were  supplied  in  1887.  The  source  of 
supply  is  a  very  small  storage  reservoir  fed  by  springs.  The  reser- 
voir is  200  feet  long  by  66  feet  wide  and  10  feet  deep,  built  of  stone 
laid  in  cement;  the  bottom  is  of  goivel.  Water  is  distributed  by 
gravity.  Distributing  mains  are  of  cast  iron.  Service  pipes  are  of 
wrought  iron  galvanized. 
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Mieroteopical  Examination. 


Chemical  Ejximinalion  of  Waler  from  Cheshire  Reservoir  in  Cheshire. 
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Microscopical  Examinalion. 
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Wateh  SoppLr  OF  deicoPEE  Central  Fire  District,  Chicopee. 
Chicopee  Water  Compant. 
Description  of  Works.  —  Population  of  the  town  of  Chicopee  in 
1885,  11,516.  Exclusive  of  Chicopee  Falls  Fire  District  the  poi>- 
olation  is  about  7,500.  The  works  are  owned  by  the  Chicopee 
Water  Company.     Water  was  first  introduced  in  IS-IS.     The  pres^ 
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ent  corporation  bought  the  old  worka  in  1877  and  rebuilt  them. 
Water  is  said  to  be  supplied  to  about  6,500  people.  The  sourcea  of 
supply  are  a  stonigo  reservoir  on  Dingle  Brook  in  Springfield,  near 
the  boundary  Ijetween  Springiield  and  CLicopee,  and  six  wells 
located  about  one  luile  south  of  the  village  of  Cbicopee.  The  area 
of  the  Btorage  reservoir  is  about  3,5  acres ;  capacity,  5,250,000 
gallons;  average  depth,  about  5  feet;  maximum  depth,  20  feet. 
There  is  considerable  shallow  flowage.  The  drainage  area  is  gen- 
erally woodland  and  the  soil  is  sandy.  There  are  very  few  inhabi- 
tants on  the  area.  The  water  runs  by  gravity  to  a  distributing 
reservoir  and  to  the  village.  The  area  of  the  distributing  reservoir 
is  about  one  acre.  Water  from  Dingle  Brook  storage  reservoir  ia 
also  pumped  to  an  iron  tank  40  feet  high  and  30  feet  in  diameter, 
which  furnishes  water  to  the  fire-service  system  of  pipes. 

The  wells  supply  about  100  families.  There  are  six  wells  from 
4  to  12  feet  square  and  10  to  12  feet  deep,  dug  in  the  bottom  of  an 
excavation  originally  made  for  the  purpose  of  obtaining  sand,  and, 
since  water  frequently  fills  this  excavation,  it  is  known  as  Sand  Bank 
Pond.  This  pond  has  a  very  small  direct  drainage  area,  but,  as  the 
land  about  it  is  nearly  level  and  the  soil  is  porous,  most  of  the 
water  entering  the  pond  or  wells  filters  through  the  ground. 
Water  from  this  source  is  supplied  by  gravity  through  an  independ- 
ent system  of  pipes.  Distributing  mains  are  of  cement-lined 
wrought  iron  and  of  cast  iron.     Service  pipes  are  nearly  all  of  lead. 

Chemical  ExaminiUiOH  of  Water  from  Dingle  Brook  Storage  Besernoir. 
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C/uniieal  Examination  of  Water  from  Dingk  Brook  StoTitije  Reservoir — Conoliuied. 
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Chemical  Examination  of  Water  from  Sand  Bank  Pond,  Chicopee. 
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Water  Supply  or  Chicopee  Faiaa  Fire  District,  Chicopeb. 

Description  of  Works.  —  Population  of  the  town  of  Chicopee  in 
1885,11,516.  The  population  of  the  Chicopee  Falls  Fire  District 
in  1887  was  estimated  to  be  about  4,000.  There  are  two  distinct 
systems  of  supply.  The  principal  system  is  owned  by  the  Fire 
District.  Water  was  introduced  in  1883.  The  source  of  supply  is 
the  Chicopee  River.  Water  is  pumped  from  the  canal  of  the 
Chicopee  Manufacturing  Company  to  a  small  covered  reservoir. 
Distributing  mains  are  of  cast  iron  and  service  pipes  of  wrought 
iron.  The  works  were  originally  built  by  the  Chicopee  Manufact- 
uring Company,  and  the  pump  and  reservoir  are  still  owned  by  that 
corporation. 

The  second  system  of  supply  is  owned  by  the  Chicopee  Manufact- 
uring Company,  and  was  introduced  many  years  ago.  In  1876  the 
wooden  pipes  which  had  been  used  for  many  years  were  replaced  by 
iron  pipes.  The  source  of  supply  is  a  small  reservoir  30  feet  long, 
20  feet  wide  and  about  2  feet  deep,  which  ih  fed  by  several  springs. 
Water  is  distributed  by  gravity.  Distributing  mains  are  of  iron. 
Service  pipes  are  of  lead. 
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Chemical  Examination  of  Water  from  Chieopee  Sivcr  al  Chicopee  Falls  —  Con. 
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"^^lemieal  Examination  of  Water  from  the  Springs  of  the  Chicopee  Manufacturifig 
Company. 
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Water  Supply  of  Clinton. 

Description  of  Works.  —  Population  io  1885,  8,945.     The  works 

are  owned  by  the  town.    Water  was  introduced  in  1882.    About  1,368 

families  were  supplied  in  1888.     Water  is  supplied  to  the  town  by 

gravity  from  the  watershed  of  Wekepeke  Brook  in  Sterling.     This 
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ent  corporation  bought  the  old  works  in  1877  and  rebuilt  them. 
Water  is  said  to  be  supplied  to  about  6,500  people.  The  sonrcea  of 
supply  fire  a  atomge  reservoir  on  Dingle  Brook  in  Springfield,  near 
the  boundary  between  Springfield  and  Chicopee,  and  six  wells 
located  about  one  mile  south  of  the  village  of  Chicopee.  The  area 
of  the  storage  reservoir  is  about  3.5  acres ;  capacity,  5,250,000 
gallons ;  average  depth,  about  5  feet ;  maximum  depth,  20  feet. 
There  is  considerable  shallow  flowage.  The  drainage  area  is  gen- 
erally woodland  and  the  soil  is  sandy.  There  are  very  few  inhabi- 
tants on  the  area.  The  water  runs  by  gravity  to  a  distributing 
reservoir  and  to  the  village.  The  area  of  the  distributing  reservoir 
is  about  one  acre.  Water  from  Dingle  Brook  storage  reservoir  is 
also  pumped  to  an  iron  tank  40  feet  high  and  30  feet  in  diameter, 
which  furnishes  water  to  the  fire-service  system  of  pipes. 

The  wells  supply  about  100  families.  There  are  six  wells  from 
4  to  12  feet  square  and  10  to  12  feet  deep,  dug  in  the  bottom  of  au 
excavation  originally  made  for  the  purpose  of  obtaining  sand,  and, 
since  water  frequently  fills  this  excavation,  it  is  known  as  Sand  Bank 
Pond.  This  pond  has  a  very  small  direct  drainage  area,  but,  as  the 
laDd  about  it  is  nearly  level  and  the  iioil  is  porous,  most  of  the 
water  entering  the  pond  or  wells  filters  through  the  ground. 
Water  from  this  source  is  supplied  by  gravity  through  an  independ- 
ent system  of  pipes.  Distributing  mains  are  of  cement-lined 
wrought  iron  and  of  cast  iron.     Service  pipes  are  nearly  all  of  lead. 

Chemical  SiamintUion  of  Walcr  from  Dinrjlc  Brook  Storage  Reservoir. 
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ChemwU  Examination  of  Water  from  Dingle  Brook  Sloraye  Reservoir — f 'oiifludi'tl. 


: 

»>A«.. 

.■!■.= 

i".s. 

^ 

s 

.Sll« 

««,' 

1 

j 

ji^'  ! 

1 

i 

lIlJ 

1. 

1 

il 

i^l 

aiHT    Unr.  ID   Mac.  so    VBiyBllshl 

„,.„. 

it.a 

3.3.-J...V. 

cto 

,ooa. 

-OOW 

.u 

.03M  .OOM 

323S     Apr.  i; 

Apr.  18    DlMlnd. 

HllKh., 

u.in 

S,7«   .1.04 

3, Hie 

-DODO 

.0078 

.1. 

.nsio 

.OOO:' 

MTT   M.,ai 

lay  W    Dlrt1d«. 

CanuM'hl.'. 

0.10 

a.Wio.B-i 

2,W 

.0010 

-MM 

.18 

.0128 

.0U.1I 

^  J"»-  il 

July    S    DUllnel. 

Con-WWc. 

••" 

i.N  D.ie 

i.rs 

.»10 

]oiu 

.IS 

.««> 

.0O« 

aSM  Jnly  U 

July  M    eilibt. 

Bllrbtj^ 

0.0. 

a.4a|a.u 

I,M 

.c«» 

"duo 

■■■ 

.OOSO  .0001 

3000    Aug.  20 

Aog.ai   siighL 

B1I(M. 

..» 

4,30  a.u 

3.4S 

-ulfls  ■ 
.II1H 

.,. 

.c««.™« 

3M7    Scpl.ai 

^pi.K'  EllEbt. 

Hllgbt. 

..» 

4.n'i.Di 

3,«1 

.Ol«.i 

.om 

.IT 

.oiw  .oow 

3114    Oel.  W 

OeI.  20    Sllfhi. 

Conilden- 

O.J.-i 

i.ni  o.u 

S,l» 

.oMi 

.ooro 

■" 

.«.7ul.0OO* 

aos    KOY.SS 

I^oT.tU    bliUaiil, 

O.ID 

i.«  o.n 

t.» 

.om 

Don 

.OfflW  .ooos 

37M    Dm.  19 
»I2    Ju.  23 

n«.  ail  DiMinBt. 

Ju.    U     dllghl. 

hie. 

o.oe 

s.n  g.ro 
3,10  ii.4e 

I, to 
i,as 

:I 

]OMO 

[doh 

',. 

-KJio  .mm 

41..    Feb.» 

PBb.  !t;  VBrr.ii«hi 

t-llghl. 

..» 

s,ra  0.70 

9,00 

-0010 

Idoh 

.1. 

1 

-use   Mar.  M 

Mu.w:  VeiyiUgbl 

Very^tf.!. 

..» 

i.n  o.» 

t.u 

-WM 

.00« 

■" 

.02M  .oooa 

■tMI  ;  Apr,  23 

.\pr.3lj  yBry.ll,lit 

ble. 

o.,o 

3.50  O.BS 

t.M 

■*>" 

oiii 

.12 

.wo  .0002 

4700  1  Uay  U 

Uay  tlj  DtaUwX. 

'^rw'i;;^': 

0.30 

l.U  D.W 

I.K 

.mia 

ioiie 

-K 

.<»»  .0001 

A^. 

"■" 

.^>I0 

"'^ 

.11 

.OIKH  .00(13 

Mirroscnpical  Exmnination. 


I8NS. 

IIWII. 

liar. 

Apr, 

Kay.' July,  jDly,   Aag,  Sqit.  Oct.   Nor.  1)«. 

Jan,    rm,   Uar.  Apr.  May. 

l.Bloe.gT«nAlg., 

a.  Other  Alga,       , 
3.  FMgl,         .        , 
J.  ADini.1  Form..  . 

0.0 

Il.» 

t: 

4.4    o.g 

0.0  ^  0.0 
0.4     |ir. 

:;':; 

1.« 

0.0 

pr. 

:;  i'i^^i: 

la;  RotUera;  Bryoioi 


WATER   SUPPLY  AND  SEWERAGE. 


[Dec. 


>OTn  Sand  Bank  Pond,  CMeopee. 
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WATER  SUPPLY  AND  SEWERAGE. 


Water  Scpptr  or  Chicopee  Falls  Fiee  Disteict,  Chicopee. 

Description  of  Works.  —  PopalatioD  of  the  town  of  Chicopee  in 
1685,  11,516.  The  population  of  the  Chicopee  Falls  Fire  District 
in  1887  was  estimated  to  be  about  4,000.  There  are  two  distinct 
sj'stems  of  supply.  The  principal  system  is  owned  by  the  Fire 
District.  Water  was  introduced  in  1683.  The  source  of  supply  is 
the  Chicopee  River.  Water  is  pumped  from  the  canal  of  the 
Chicopee  Mnnufacturing  Company  to  a  small  covered  reservoir. 
Distributing  mains  are  of  cast  iron  and  service  pipes  of  wrought 
iron.  The  works  were  originally  built  by  the  Chicopee  Manufact- 
uring Company,  and  the  pump  and  reservoir  are  still  owned  by  that 
corporation. 

The  second  system  of  supply  is  owned  by  the  Chicopee  Manufact- 
uring Company,  and  was  introduced  many  years  ago.  In  1876  the 
wooden  pipes  which  had  been  used  for  many  years  were  replaced  by 
iron  pipes.  The  source  of  supply  is  a  small  reservoir  30  feet  long, 
20  feet  wide  and  about  2  feet  deep,  which  is  fed  by  several  springs. 
Water  is  distributed  by  gravity.  Distributing  mains  are  of  iron. 
Service  pipes  are  of  lead. 
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Chemical  Eimmnation  of  Water  from  C'/iieopce  Biver  at  Chicopte  Falls —  Con. 
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Microscopical  Examination. 
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Chemieat  Examination  of  Water  from  the  Springs  of  the  Chicopee  Manufacturing 
Company. 
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Water  Supply  of  Clinton. 

Description  of  Works. — Populatios  in  1885,  8,945.     The  works 

are  owned  by  the  towD.    Water  waa  iiitroduceil  in  1882.    About  1,368 

families  were  supplied  in  1888.     Water  is  supplied  to  the  town  by 

gravity  from  the  watershed  of  Wekepeke  Brook  in  Sterling.     This 
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brook  is  formed  by  the  confluence  of  two  streams,  the  southerly  one 
being  known  as  Lynda's  Brook  and  the  northerly  one  as  Heywood's 
Brook.  The  pipe  leatling  to  the  town  starts  from  a  small  reservoir, 
known  as  '*  the  basin,"  located  a  short  distance  southerly  from 
Lynde's  Brook  and  not  far  above  the  confluence  above  mentioned. 
The  basin  has  an  area  of  2.7  acres  and  acapacity  of  3,000,000  gal- 
lops. Its  slopes  are  paved  and  the  bottom  is  sandy.  A  large 
amount  of  muck  and  other  material  was  removed  in  constructing  it. 
Provision  has  been  made  for  connecting  both  Lynde's  and  Hey- 
wood's  brooks  with  the  basin,  but  Lynde's  Brook  is  the  one  drawn 
from.  Storage  capacity  in  addition  to  that  of  the  basin  is  furnished 
in  part  by  two  mill  ponds  on  Lynde's  Brook,  now  owned  by  the 
town,  and  by  a  new  storage  reservoir,  built  m  1888,  upon  the  brook 
above  the  mill  ponds.  This  reservoir  iias  a  capacity  of  40,000,000 
gallons  and  flows  an  area  of  13J  acres.  The  basin  has  only  a  smalt 
superficial  watershed ;  but,  including  Lynde's  Brook  above  the  point 
where  its  waters  may  be  diverted,  the  total  area  contributing  water 
to  the  basin,  as  estimated  from  the  new  topographical  map  of  Massa- 
chusetts, is  1.16  square  miles.  The  watersheds  now  psed  are 
generally  hilly  and  wooded.  The  distributing  roservoir  is  Clinton  is 
168  feet  square  at  the  top  and  contains  15  feet  of  water  when  full. 
The  bottom  is  of  concrete  and  the  slopes  are  paved.  Distributing 
mains  are  of  cast  iron  and  service  pipes  of  wrought  iron  lined  with 
cement.  The  town  of  Clinton  sells  water  to  the  Lancaster  Water 
Company  to  supply  the  town  of  Lancaster. 


Chemical  Examiitalimt  of  Water  from  "  ZRc  Basin-  of  the  Clinton  Wnler  Work; 
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WATER  SUPPLY  AND  SEWERAGE. 


(Aemieal  Examinaiion  of  Water  from  "  The  Bonn  "  of  the  CUtUon  Water  Works, 
Sterling — Concluded . 
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[Dec. 


Chemical  Examination  of  Water  from  the  New  Storage  Reservoir^  Clinton  Water 

Works,  Sterling, 

[Part*  per  100,000.] 
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Odor,  very  faint  or  none. The  sample  was  collected  from   the  new  reservoir  of  the  CliDton 

Water  Work»t. 

Microscopical  Examination. 

September,  1888.    1.  Blue-icreeo  algm,  0.0;    2.  Other  algae,  0.0;    3.  Fungi,  2.0;    4.  Animal  Forms, 
0.0.    Groups  and  principal  genera  of  organisms  observed  :    3.  Schizomycctes,  Crenothrix. 

Chemical  Examiyiaiion  of  Water  from  HeywoodCs  Pond,  Sterling, 

[Parts  per  100,000.] 
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Odor,  very  faiiut  or  none. The  sample  was  collected  from  the  broolt  flowing  from  Heywood*s 

Pond  at  the  tirst  crossing  of  the  highway  below  the  pond. 

Microscopical  Examination, 

August,  1888.  1.  Blue-green  alg(B,  0.0;  2.  Other  algee,  1.5;  3.  Fungi,  pr.;  4.  Animal  Forms,  1.8. 
Groups  and  principal  genera  of  organisms  observed:  2.  Palmellaceas  Diatoinacew :  Desmidiac«». 
3.  Bchizoraycetes.    4.  Protozoa, /VWc/mJum;  Ilotifera;  Eutomostraca. 


Water  Supply  of  Cohasset.  —  Cohasset  Water  Company. 

Description  of  Works. — Population  in  1885,  2,216.  The  works 
are  owned  by  the  Cohasset  Water  Company.  Water  was  introduced 
in  1886.  The  source  of  supply  is  a  system  of  tubular  wells  in  a 
meadow  along  a  brook.  There  are  63  wells,  each  2  inches  in  diameter 
and  30  to  40  feet  deep,  driven  into  gravel.  The  strata  passed  through 
in  going  down  from  the  surface  were  :  1  foot  of  muck,  2  feet  of  clay, 
3  to  4  feet  of  sand  and  10  to  18  feet  of  blue  clay.  Pumps  force 
the  water  to  an  open  distributing  reservoir  which  has  a  capacity  of 
1,500,000  gallons.  Water  passes  into  the  reservoir  at  one  side  and 
is  drawn  out  at  the  other.     The  reservoir  is  150  feet  square  on  top 
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aod  contains  14  feet  of  water  when  Ml.  The  bottom  is  of  concrete 
and  the  slopes  are  paved.  Distril],utiDg  maiDB  are  of  cast  iron  and 
service  pipes  of  wrought  iron  lined  with  cement. 

Ch(mi'-<il  Examination  of  Water  from  the  Tubular  Wells  of  the  Cohassct  ll'aler 
Company. 
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MieroKopicai  Examination. 


[Dec. 
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Chemical  Examination  of  Water  from  Ike  Distributing  Reservoir  of  Ihe  CoHassti 
Water  Company. 

[Paru  per  lOO-OOaJ 
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Chemical  Examination  of  Water  from  the  tHHribtiling  Restixoir  of  the  Cokatset 
Water  Company — Concluded. 
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Chemical  Examination  of  Water  from  the  Brook,  /tear  Ike  Tubular  Welk  of  the 
Cohassel  Waler  Company. 
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[Dec. 

Water  Sopply  op  Concobd. 

Descriplion  of  TFbrA-».  —  Population  in  1885,  3,727.  The  works 
are  owned  by  the  town,  and  were  constructed  in  1873.  About  2,500 
people  were  supplied  in  1887.  The  source  of  supply  is  Saudy  Pood 
in  Lincoln,  from  which  water  is  drawn  at  a  point  280  feet  from  shore 
and  7^  feet  below  high  water.  Area  of  pond,  150  acres.  Drainage 
area,  about  330  acres  including  the  area  of  the  pond.  Water  flows 
by  gravity  to  the  town  and  to  a  distributing  reservoir.  The  areai 
of  this  reservoir  is  about  |  of  an  acre;  depth  at  high  water,  13^^ 
feet ;  capacity,  2,500,000  gallons.  Its  bottom  is  of  concrete  and  the 
slopes  are  paved.  Di8tribu,ting  mains  are  of  cemont-lined  wrought 
iron.     Service  pipes  are  of  lead  and  enameled  iron. 

The  same  source  of  supply  is  used  by  the  towns  of  Concord  and 
Lincoln. 

Chemical  Examination  of  Water  from  Sandy  Pond  in  Lineotn. 
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Ghound  Water  Scpply  op  the  Massachusetts  Reformatory, 
Concord. 
The  main  water  Btipplj  of  the  Reformatory  ia  now  obtained  from 
the  Concord  Water  Works,  hut  it  was  formerly  obtained  from  a  sys- 
tem of  tubular  wella  located  near  the  Reformatory.  These  wells  have 
been  used  as  a  source  of  supply  at  timea  during  the  summer  as 
recently  as  1888.  There  are  32  wells  in  all,  1^  inches  in  diameter 
and  40  to  60  feet  deep,  sunk  in  the  sandy  tract  of  land  between  the 
wall  surrouadiog  the  Reformatory  and  the  Assabet  River.  The 
sewage  from  the  Reformatory  and  from  the  dwellings  of  the  officers 
is  DOW  disposed  of  by  filtration  through  the  sandy  land  on  both  sides 
aud  back  of  the  wells  and  withia  a  few  hundred  feet  of  them.  The 
population  at  the  Reformatory,  including  officern,  is  about  1,000,  and 
the  quantity  of  water  used  is  approximately  100,000  gallons  per  day. 
Chemical  Examination  of  Water  from  the  Tubular  iriHs  at  Concord  Beformatori/. 
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Microscopical  Examination. 
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O roups  and  principal  genera  of  organisms  observed :    4.  Protozoa. 


Chemical  ExaminoUion  of  Water  from  Warner's  Pond,  Concord. 

[Parti  per  100,000.] 
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Odor,  faintly  vegetable. The  sample  was  collected  from  the  pond. 


Water  Supply  of  Dalton  Fike  District,  Dalton. 

Description  of  Works.  —  Population  of  the  town  in  1885,  2,113. 
The  works  are  owned  by  the  Fire  District,  and  were  constructed  in 
1884.  About  225  families  were  supplied  in  1887.  The  source  of 
supply  is  Egypt  Brook,  on  or  near  which  a  small  storage  reservoir 
is  built.  The  reservoir  is  200  feet  square  and  12  feet  deep.  Water 
is  usually  drawn  from  the  brook  above  the  reservoir,  and  the  latter  is 
kept  in  reserve.  Water  is  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron  and  service  pipes  of  galvanized  iron. 
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Microscopical  ExamineUion. 

Hiy,  IMS.    An  Inilgnlfleaut  Dumber  of  dlatomj  pment. 

Water  Sdpplv  of  Danvers. 

Description  of  IforA-s.— Population  in  1885,  7,061.  The  works 
are  owned  by  the  town  of  Danvers.  Water  was  introduced  in  1876. 
The  average  daily  consumption  in  1888  was  463,700  gallons.  The 
source  of  supply  is  Middleton  Pond,  also  known  as  Forest  Lake,  in 
Middleton.  Area  of  pond,  90  acres;  general  depth,  25  feet;  maxi- 
mum depth,  33  feet;  bottom,  sandy.  Id  1884  the  pond  was  raised 
2  feet  by  a  dam  built  at  the  outlet.  There  are  30  acres  of  swamp 
bordering  the  pond.  The  drainage  area,  which  is  said  to  contain 
about  2,200  acrea,  is  hilly  and  well-wooded.  The  soil  is  generally 
gravel.  There  is  no  population  on  the  drainage  area,  and  hut  very 
little  cultivated  land. 

Pumps  force  the  water  from  the  pond  to  an  open  distributing 
reservoir.  Area  of  reservoir,  three-quarters  of  an  aero;  depth,  21 
feet;  capacity,  5,500,000  gallons.  Its  shape  is  irregular.  It  is 
surrounded  by  vertical  stone  walls  and  has  a  bottom  of  clay  covered 
with  gravel.  Distributing  mains  and  service  pipes  are  of  wrought 
iron  lined  with  cement.  The  town  was  authorized  to  take  the  waters 
of  Swan's  Pond  and  to  connect  it  with  Middleton  Fond,  but  the 
connection  has  not  yet  been  built.  Water  is  supplied  by  Danvers 
to  a  portion  of  the  town  of  Middleton. 
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WATER  SUPPLY  AND  SEWERAGE. 
MicroKopieul  ExoTniiiation. 
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Chemical  Examinaiion  of  Water  from  the  Danven  DUtrifmling  Stserioir. 


""'  "' 

e5"x\:on. 

.,»..u. 

1 

ti 

i 

! 

1 

il 

1 

1 

1 

I 

li 

1 

J 

I' 

jlj 

IB 

JUI72O 
Aug.  IT 
Oct.  I) 
So».  IB 
Dm.  10 

FsB.  H 

::.:: 

n. 

June  33 
Juljr  21 
Aug.  IS 
Oct.   19 
Kor.  n 

.r" 

Jio.  IS 
U>r.  IS 

r;: 

.„.„. 

SIlKht. 
B11(hc 

v„.,», 

Sllghl. 
V«rj  .light 
Very  .light 
VetT.[lgh. 
Dlitlnel. 

Slight. 
Kdd.. 
Vrjillght 
V.ri..U(ht 

Blight. 

Very  .light. 
V«rr  .light 
Sll't.brown 
V.rr.llghl 
Con  ..brown 

D.H 

a.* 

1.M 
4.« 

x.xt 

l.U 

l-w 

1.30 

i.Ji 

1.1. 

s.aa 
i.u 

.0000 

.0000 

.0003 
.0004 

,0001 

.tan 

.OiOi 

.Moa 
.oaw 

.38  1.0000 

.agiLooib 

.Ji.» 

i 
U  'oOBO 

.M    .OOM 

.0009 
.WOl 

O.fll 

1 ,  ^ 

•■■•' 

3B  '  nwll 

. 

_ 





i.  Id  Uay,  1»88,  l.».    Od»r.' 


uloDslly  fdoU^TigeUhl. Tb.  ■ 


Microstopical  Examimilion. 


mtSH. 

>.....    ]     Apr,,.     ■     M.,, 

I   Bl             OAI 

0  0 

00             pr 

1 

0  0               0  0 

: 

Oronp*  and  prlodpal  gnncr. 


114               STATER  SUPPLY   AND   SEWERAGE.            [Dec.  ■ 

1 

».,.., 

*„..„,... 

e"*".!:".,". 

A-o.... 

—  1 

j 

if 

1 

! 

1 

i 

ii 

t 

1 

ll 

J 

i 

i 

1 

... 

Mu.   £lll>r..4 

Slight. 

Very.llght 

... 

\  1   <»» 

.... 

..» 

.«. 

-1 

Wateh  Supply  of  Dedham.  —  Dedham  Water  Company. 
Description  of  TTor^-s.  — Population  in  1885,  (J,64l.     The  works 
are  owned  hy  the  Dedham  Water  Company.    Water  was  introduced 
in  1881.    Theaveragedailyeonsumptionin  1888  was  180,000  gallons. 
The  source  of  supply  is  a  well  on  the  right  baiilt  of  Charles  River, 
just  above  the  village.     The  well  is  situated  about  40  feet  from  the 
river ;  it  is  26  feet  in  diameter  and  18  feet  deep.     The  walls  are  of 
stone,  lined  inside  with  brick  laid  in  cement.     A  cast-iron  pipe  16 
inches  in  diameter  leads  to  a  pump  well  50  ieet  away.     This  well  is 
8   feet  in  diameter  and   18  feet  deep.     Both  wells  are  covered  to 
exclude  light.     There  is  no  direct  connection  between  the  wells  and 
the  river ;   but  a  connection  has  been  made  from  the  river  to  a  large 
duplex  pump  for  use  in  cases  of  emergency;    it  has  been  used  once. 
Pumps  force  the  water  to  an  open  iron  tank  20  feet  in  diameter  and 
103  fi'et  high.     Distributing  mains  are  of  wrought  iron  lined  with' 
cement.     Sei-vice  pipes  are  of  enameled  iron. 

Chemical  Examination  of  Water  from  tke  Well  of  the  Dedham  Water  Company, 
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Chemieat  Examitiaiion  of  Water  from  lAt  Well  of  the  Dedham  WaUr 
Company  —  Concluded. 
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MieroKopicai  Ezamination. 
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Dracut. 
Ckeniical  Examinaiion  of  Water  from  Beaver  Brook  in  Dracut. 
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Water  Supply  of  East  Bridgewater. 
This  town  is  BiipplieJ  jointly  with  Bridgewater  hy  the  Bridge- 
water8  Water  Company.     .See  Brlil^iev-ater.                                     .   ^1 

Eastham.                                                   ^B 

Chemical  Examinalion  of  Water  from  HerHng  Pond  in  Eiistham.             •     ■ 

[l-Mto  per  lOO.UOU.]                                                                             | 
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Cl&mieal  Examination  of  WiOer  from  tJU  Storage  Jleservoir  of  the  1 
Water  Works. 
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Chemical  Examtnaiion  of  Water  from  Mlddleton  Pond  in  Middlelon. 
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Mienteopical  Examination. 
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Water  Supply  of  Fall  Riveu. 

Descriplion  of  Works.  —  Population  iu  18B5,  50,870.  Tbo  works 
are  owned  by  the  city.  Water  was  introduced  in  1874.  The  aver- 
age daily  coneumption  in  1888  was  1,768,000  gallons.  The  source 
ol"  supply  ia  Watiippa  Luke,  whicU  lies  to  Ibe  eastward  of  tbe  main 
portion  of  Fall  River,  about  2^  miles  from  the  shore  of  Mount  Hope 
Bay.  Its  greatest  K-ngth  is  aliout  7.7  miles,  in  a  notlberly  and 
southerly  dircclion,  while  its  avora^o  width  is  less  than  Ihrec-fouitlia 
of  a  mile  and  its  greatest  width  1^  miles.  At  a  point  about  half 
way  between  the  northerly  and  southerly  ends  of  the  lake  the  sboros 
approach  each  other,  and  a  road  and  railroad  cross  it,  thus  dividing 
the  lake  into  two  sections.  Tbe  Quoquecban  River,  which  is  the  out- 
let of  the  lake,  flows  from  the  northerly  end  of  the  southern  section. 

The  northern  section  of  the  lake,  from  which  the  Fall  River 
water  supply  Is  taken,  is  known  as  Korth  Wutuppa  Lake,  and 
has  an  area  of  1,651  acres.  The  southerly  section  has  an  area  of 
1 ,827  acres.  The  total  area  of  the  lake  is  3,478  acres,  or  5.43  square 
miles.  Its  maximum  depth  is  30  feet.  A  survey  of  the  entire  lake 
in  187G  indicated  that  when  the  water  is  five  feet  below  high-water 
mark,  about  441  acres  of  the  bottom  of  the  pond  are  exposed  which 
arc  covered  at  high-water  mark,  A  previous  survey  in  1873  indi- 
cated that  when  Ibo  water  was  4.5  feet  below  high-water  mark,  about 
370  acres  of  the  bottom  were  exposed.  The  shores  of  the  south  lake 
ore  generally  quite  bold,  and  there  arc  only  about  100  acres  of  shallow 
Sowage.  The  shores  of  the  north  hike  arc  not  so  bold,  and  there  are 
several  swamps  which  at  high  water  are  covered  by  only  two  or  three 
feet  of  water.     The  total  area  of  the  swamps  is  about  110  acres. 

The  drainage  area  of  about  31.25  square  miles  is  generally  billy 
and  contains  no  marshy  lands  or  swamps.  Tbe  soil  is  gravel, 
sand  and  rock.  The  population  on  tbe  drainage  area  is  very  small, 
but  there  is  danger  that  it  may  increase  on  tho  side  of  the  lake  next 
to  tbe  city. 

Previous  to  1885  the  high  and  low  service  systems  were  distinct, 
and  water  for  the  supply  of  each  was  pumped  from  the  lake  to  stand- 
pipes  on  a  hill  near  the  pumping  station.  These  standpi)>es  are  of 
iron,  and  are  3.3  feet  in  diameter.  The  bigh-servlce  jiipe  was  80 
feet  in  height,  and  its  high-water  level  was  325  feet  above  tide  water, 
la  1885  an  open  iron  storage  tank  was  built  in  the  extreme  southera 
part  of  the  city  and  the  high  and  low  service  systems  were  connected, 
theheight  of  the  low-service  standpipe  being  increased,  thus  makings 
single  system.  The  storage  tank  is  37  feet  high  and  73  feet  in  diame- 
ter.    Distributing  mains  are  of  cast  iron;  service  i)ipes  are  of  lead. 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


inn  of  Waterfront  Iforth  Watuppa  Lake. 

[P.mperlOO.O[«l.J 


„.,.„ 

Ar»*>.^c^ 

Ev'Vi'^TloK. 

A«.OM>, 

^ 

1 *" 

1 

ii 

f 

1 

1 

1 

§1 

i 

1 

ii 

HI  ju«5r 

r™. 

SOM. 

Non.. 

o.» 

3.37 

1^ 

2..S 

0033 

...ij 

.4B'.«mo    - 

asj   Jul]r  32 

JnlyM 

V.tlrt,bL 

-Nono. 

o.a 

3.W 

0.51 

I.U 

.OOM  .OlM 

.61  '.uow;   - 

«H    At.g.2t 

Aag.'il 

V.rj.U^l 

None. 

O.M 

S.SO 

O.BS 

1.48 

.0000  .0130 

.ja'.flo;o'   - 

811    aept.IB 

tiepl.SO 

V«rj-.ll«hl 

Very  .light 

O.W 

3.29 

O.W) 

S.M 

.0001 '.OlSl 

.M,.«)*.|    - 

wan  ctei.  M 

Ort.  IS 

Slight. 

-"irr 

O.IO 

3.M 

O.M 

-■■"' 

.DODO 

.01.. 

M  '.IWM      - 

Ii          1 

]2i3    Xoi.23 

A-eryellfh. 

''•sr 

0.10 

3.M 

l.S* 

2.O.. 

...« 

.83  1.0070  ■    . 

;      1 

IMl    Dh.  £1 

',!" 

alight. 

Verj^Uhl 

v.n-. light 

V.rj- .light 

O.li 

a.M 

1.00 

i.lA 

.0000 
.0000 

:l 

.0080    0001 

IMJ    F.b.  20 

Blight. 

XOM. 

0,10 

S.M 

1.06 

a.Ki 

.oom  .0181 

.81 

.0080 '.OOOP 

aon  u.t.2i 

SIlKbl. 

V-cty  .light 

0.10 

S.H 

0.00 

3.0.1 

.0018  .OIU 

.M'.ooao  .ouoD 

a»3 1  Apr.  21 

Apr.  -a 

BIISM. 

V,rj, light 

0.2* 

a.Ro 

1.00 

l.M 

.0011   .01(0 

.S2    .0080  .0001 

MBT    MtK 

HtySS 

VefT. light 

Sll-t,  whl» 

0.10 

3.30 

1.00 

3.20 

.0000  .0118 

.w  '.ooni  .uiMi 

M71   June  B»  June  27 

V.ry.U,bI 

Veryiigbi 

0.30 

s.ts 

LIS 

1.10 

•-.a 

.62    -OOTO   .0000 

"";-"T""" 

■■"»"■ 

-'*"'"■ 

0.30 

l.iS 

B.iS 

E.ia 

■™;::is 

.57j|.0030   .0000 

»2I    Aog-SS  Atii.3l 

V.r,.llj^ 

Very  .light 

0.10 

f.H 

0.80 

t.is 

-'s 

.4i   .Odba  .uuoo 

a^M    BrpI.W'Oct.     1 

1         1 

Slight. 

Blight. 

0.10 

t.BS 

0.(0 

l.tj 

"*^i;o1m 

.«^..«>.^.ooo. 

Od.  aa'ooi.  ^ 

1 

So«. 

Veryrtlgbt 

O.JO 

s.n 

o.w 

1.80 

■"••»" 

.^ 

■•^'■^ 

3ftW 

-"■'•r"- 

Slight. 

Slight. 

0.10 

l.« 

1.00 

t.40 

.m.^.™ 

■" 

1 

3TTV 
MS 

Dee. :» 

v.rr.ught 

Veryitghl. 
Very  .light 

o.« 

l.tt 

O.H 

1.80 

If:: 

j.om 

:l 

.0120    .OOOi 

*1M 

Pub.  28 

Unt.    1 

v.n- .light 

V«y.llg-ht 

o..,o 

t.M 

1.50 

t.OO 

]01H 

•" 

■'"■"■"«« 

4U8 

u»r.ao 

""■* 

V«T.Ught 

No»e. 

o.« 

S,» 

o.as 

t.40 

.«,,.. jlj. 

•" 

.0000  ^.,«0« 

two 

Apr.W 

Apr.  30 

Xoiw. 

Xam. 

s.n 

t.is 

I.DB 

|!014t 

... 

'  l' 

<T» 

lfV!3 

H.f  tM 

"xr 

Very  .light 

1.3i 

1,10 

t.ti 

'ioin 

.« 

l" 



z. 

1^ 

0.B8 

Tm 

DIM 

-^ 

W^i^MW 

11 

!'        1 

'_L . 

UrdDW 

n  M.r,lS!«,0.*.    O 

lle.TV  r. 

:';■•:: 

,:;:; 

^ 

Th. 

.ump 

e,. 

re  collccled 
<il  No..  385 

ud  en.    The  Icnl  of  the  wi 


122                 WATER   SUPPLY   AND    SE\VERAGE.             [Dec.  1 

Mieroseopieal  Examinalion.                                              1 

■  NIW. 

] 

,... 

July. 

Au».  SopL 

«.>.,«. 

Jan. 

"'■l'"" 

Avt 

^M 

3.  Other  Alg» 

B.  Fungi,      . 

Vl|(« 

P' 

pr. 
pr. 

:; 

r 

:::ir; 

pt.     O.n 

::: 

:: 

•: 

1.7 

O.l 
0.0 

\ 

«ruiin«  ond  i.rlndpnl  gsner.  of  orp»fltiimii  ub«n,-.nl :    I.  Cy>nopbywi«.    2.  ZooiporaHi    DcwnM-fl 
lwe»:    Ulatomucic,     Tabcllaria;    Zj-gnemaceB.     «.    ■■roiaitu,  l>iiiAryB«;    BponKiit1*i    Uuileni'V 

Chemii-al  Examination  of  Water  from  n  faucet  in  Fall  Itivtr.                 M 
lPim.p.riooj»o.]                                                                 1 

1 

U.T.O, 

A,,™.... 

.=.  1  ...... 

i 

Mtiosei    fl 

i 

jS 

f 

! 

1 

1 

ii 

1 

i 

A 

1 

.\ 

IM 

JnneU   JuneSt 

'"■"■ 

Slight.         1  0.3 

.«,. 

.o™ 

..| 

-1 

■O.lor.  very  (aiul  or  uooe. The  umpla  wu  eollwwd  from  n  liiuCBl  In  Iho  waler  work,  repair  tliop 

lu  ihc  cily. 

Water  Supplt  of  Fitchucrq. 
Dei>mp(!oit  of  iroc/.s.  — Population  in  lb85, 15,375.     The  works 
are  owned  by  the  city.     Water  was  introduced  in  1872.     Tbe  aver- 
age daily  consumption  in  1888  was  1,300,000  gallons.     The  sources 
of  supply  are  Scott  and  Falulah  brooks,  on  each  of  which  a  storage 
reservoir  is  built.     Scott  Reservoir  was  built  in  1878  and  is  at  an 
elev.ition  of  450  feet  above  the  city  base  (the  railroad  track  near  th* 
Fitchburg  etfttion).     Its  area  is  35.07  acres;  depth  near  the  gattn 
house,   40   feet;    bottom,    sandy;    capacity,     210,000,000  gallons., 
There  is  very  little  shallow  flowage.     Its  drainage  area  of  600  acreg, 
is  very  steep  and  rocky,  with  little  woodland  or  cultivated  land. 
MuL-h  of  the  urea  is  used  for  pasturage,   and  it  contains  very  feV 
iuhiibitants.     From  Scott  Reservoir  a  24-inch  brick  conduit  conveys 
Iho  water  to  Overlook  Distributing  Keaervoir,  one  and  one-half  miles 
nearer  the  city.     Overlook  Reservoir  was  formed  by  building  dams  at 
each  end  of  a  ravine.     It  was  built  in  1871,  and  its  elevation  is  400 
feet  above  the  city  base.    Its  area  is  13  acres;  depth,  40  feet ;  bottom, 
gravel ;  capacity,  60,000,000  gallons.     There  is  no  shallow  fiowage. 
Its  immediate  drainage  area  is  very  small,  l>eing  estimated  at  10  acres. 
Water  is  supplied  directly  from  this  reservoir  to  the  high-service  dis- 
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tricts.  About  1,000  feet  nearer  the  city  is  a  second  distributing  res- 
ervoir, known  as  the  Marshall  Reservoir,  which  is  at  an  elevation 
of  212  feet  above  the  city  base.  Its  area  is  about  half  an  acre, 
and  its  capacity  is  1,000,000  gallons.  The  bottom  and  slopes  are 
paved.  Water  is  supplied  from  this  reservoir  to  the  low-service  dis- 
trict. In  1873  an  additional  supply  of  water  became  necessary,  and 
a  14-inch  cement-lined  wrought-iron  pipe  was  laid  from  a  point  just 
above  Shattuck*s  Mill  Pond  on  Falulah  Brook  to  the  conduit  between 
Scott  and  Overlook  reservoirs,  and  at  the  present  time  water  can 
bo  drawn  into  Overlook  from  either  Scott  Reservoir  or  Shattuck 
Brook,  or  from  both.  In  1881  a  small  reservoir  was  built  just 
below  thi^  dam  of  the  Scott  Reservoir,  to  catch  the  leakage  from  the 
latter  and  divert  it  into  the  conduit  leading  to  Overlook  Reservoir. 

Another  reservoir  was  built  in  1883  at  the  junction  of  Scott  and 
Falulah  brooks.  This  reservoir,  known  as  Falulah  Reservoir,  receives 
the  water  from  Scott  Brook,  including  that  from  the  overflow  and 
waste  gates  of  Scott  Reservoir,  and  also  the  water  of  Falulah  Brook, 
including  the  overflow  and  waste  from  Shattuck's  Mill  Pond.  Falulah 
Reservoir  is  at  an  elevation  of  235  feet  above  the  city  base.  Its  area 
is  3.75  acres  ;  depth  Ut  dam,  20  feet ;  average  depth,  10  feet ;  bottom, 
gravel ;  capacity,  20,000,000  gallons.  There  is  very  little  shallow 
flowage.  Its  drainage  area  of  2,227  acres,  exclusive  of  that  of  Scott 
Reservoir,  is  similar  in  all  respects  to  the  drainage  area  of  that 
reservoir.  Since  the  storage  capacity  of  Falulah  Reservoir  is  small 
in  comparison  with  the  extent  of  its  drainage  area,  the  water  in  it 
must  change  entirely  at  short  intervals  in  a  year  of  average  rainfall ; 
this  is  in  great  contrast  to  Scott  Reservoir,  which  has  a  drainage  area 
of  but  a  little  more  than  one-fourth  that  of  Falulah,  w*hile  its  storage 
capacity  is  more  than  ten  times  as  great.  A  16-inch  pipe  from 
Falulah  Reservoir  is  laid  to  the  city  and  connected  with  the  low- 
service  system,  so  that  Marshall  Reservoir,  being  at  a  slightly  less 
elevation  than  Falulah,  is  now  supplied  from  the  latter  during  the 
greater  part  of  the  year.  When  necessary,  however,  water  can  bo 
diverted  into  Marshall  from  Overlook  Reservoir.  Distributing  mains 
are  of  cast  iron  and  of  wrought  iron  lined  with  cement,  there  being 
about  the  same  number  of  miles  of  each,  but  the  cement-lined  mains 
are  being  replaced  with  cast  iron.  Service  pipes  are  of  wrought  iron 
lined  with  cement.  The  report  of  the  Water  Commissioners  for  1878 
mentions  that  numerous  complaints  of  a  fishy  odor  and  taste  in  the 
water  were  made  in  August  of  that  year.  A  similar  trouble  has 
occurred  several  times  since  that  year,  but  has  lasted  only  a  few 
days  at  a  time.  « 
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Chemical  J^xaminaliim  of  WaUr  fntn  Scotl  Baervoir,  FUdtburg. 
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ChemiffU  Exarninalioii  of  Water  from  Overlook  Rcnerfoir — Concluded. 
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WATER  SUPPLY  AND   SEWERAGE. 


Water  Supplt  of  FBAMiNonAM.  —  Fhaminghaii  Water 

COUPANY. 

Description  of  Works.  —  Population  of  tho  town  in  1885,  8,275- 
The  works  are  owned  by  tho  Framingham  Water  Company.  Water 
wag  introduced  in  1885,  and  is  now  supplied  to  the  viltago  of  South 
Framingham  only.  The  average  daily  consumption  for  1888  was 
170,000  galluQB.  Tho  source  of  supply  is  a  filter-gallery  on  the 
shore  of  Farm  Pond.  The  gallery  ia  in  two  sections,  one  section 
being  200  feet  long  and  the  other  250  feet  with  a  pump  well 
hetweeu.  Each  section  is  about  4  feet  high  and  42  to  48  inches 
wide.  The  pond  covers  part  of  the  gallery,  and  in  some  places 
there  is  a  thickness  of  but  two  feet  of  gravel  between  tho  top  of  tho 
arch  and  tho  water  alnjve.  The  arch  ia  water-tight,  however,  and 
no  water  can  reach  the  gallery  unless  it  has  passed  through  at  least 
five  feet  of  filtering  material.  The  bottom  of  the  filter-gallery  is 
about  six  feet  below  the  surface  of  the  pond.  There  is  a  direct  con- 
nection between  the  pump  well  and  Farm  Pond,  and  also  a  connec- 
tion with  the  conduit  leadhig  from  the  Sudbury  River  reservoirs  of 
the  Boston  Water  Works,  made  by  a  pipe  laid  on  tho  bottom  of  tbo 
pond  to  the  conduit.  Water  is  distributed  by  pumping  directly  to 
the  consumers.  Distributing  mains  are  of  cast  iron,  and  service 
pipes  of  lead  and  wrought  iron. 


Chemical  Examiaation  of  WaUr  from  the  Filter-Oallery  of  the  Framinghm 
Water  Company. 
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Chemical  Examination  of  Water  from  the  FiUcr-Qallery  of  the  Frarningham 
WaUr  Cojnpany — Conclwdcfl. 
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Microscopical  Examination. 
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Water  Supply  op  FnANKLrN.  —  Fraxklin  Water  Compaxy. 

Description  of  Works. — Population  in  1885,  3,983.  Tlie  works 
arc  owned  by  the  Franklin  Water  Company,  and  were  built  in 
1884.  The  avemge  daily  consumption  in  1889  was  74,7G8  gallons. 
The  sources  of  supply  are  two  large  wella  located  on  the  bunk 
of  Mine  Brook.  The  first  well,  built  in  1884,  is  20  feet  in 
diameter  and  about  25  feet  deep ;  a  direct  connection  made  with 
Beaver  Pond,  which  ia  a  short  distance  from  the  well,  was 
used  in  emergencies  until  1887.  The  area  of  Beiiver  Pond  is 
30  acres ;  depth,  30  to  60  feet.  About  one-half  the  bottom  of  the 
pond  is  sandy  and  the  remainder  muddy.  There  is  a  small  amount 
of  shallow  flowago.  In  1887  a  second  well,  33  feet  in  diameter  ;ind 
18  feet  deep,  was  constructed  near  the  first  one,  and  since  that  time 
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tlie  wells  havo  fumislied  the  entire  supply  of  water  for  the  town. 
Pumps  force  the  water  to  an  open  iron  tank  30  feet  in  diameter  and 
80  feet  high.  Distributing  mains  are  of  wrought  iron  lined  with 
cement.     Service  pipes  are  of  wrought  iron,  coated  with  tar. 

Chemical  Examinatioa  of  Water fmm  Ihe  Wells  of  the  Franklin  Water  Company. 
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Chemical  Examination  of  Water  from  Beaver  Pond  in  Franklin. 
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Water  Scpply  of  Gardner.  —  Gardner  Water  Company. 

Description  of  irorjfca.  —  Population  in  1885,  7,283.  The  worka 
are  owned  by  the  Gardner  Water  Company.  Water  wbb  introduced 
in  1882.  The  average  daily  consumption  in  1888  was  308,743  gal- 
lons. The  source  of  supply  is  Crystal  Lake  in  Gardner.  Area,  156 
acres;  maximum  depth  at  leaet  40  feet;  bottom,  gravel  and  ledge. 
There  is  no  shallow  flowage.  Its  drainage  area,  including  the  area 
of  the  pond,  as  estimated  from  the  new  topographical  map  of  Mas- 
sachusetts, is  550  acres.  The  population  on  the  drainage  area  is 
not  large,  although  the  village  is  beginning  to  encroach  upon  it. 
Pumps  foree  the  water  to  an  open  distributing  reservoir,  400  feet 
long  and  150  feet  wide,  with  a  capacity  of  5,000,000  gallons. 
The  depth  of  water,  when  full,  is  20  feet.  The  bottom  is  of  clay 
and  the  slopes  are  paved.  Distributing  mains  are  of  cast  iron  and 
service  pipes  are  of  tar-coated  wrought  iron. 
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Mienueopical  Examinalion. 
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Chemical  Examination  of  Waier  from  the  Distributing  Beaervoir  of  the  Gardner 
Water  Company. 
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[Dec. 


Water  Supply  of  Gill.  —  Riverside  Water  Compaxy. 

Descnptioji  of  Works.  —  Population  of  the  towa  of  Gill  in  1885, 
8G0.  The  works  are  owned  by  the  Riverside  Water  Company,  and 
supply  5(3  water  takers  in  the  village  of  Riverside.  The  source  of 
supply  is  Hcal-All  Spring,  from  which  water  is  supplied  to  the  vil- 
lage- by  gravity  through  a  main  pipe  three  inches  in  diameter.  It 
has  been  proposed  to  obtain  an  additional  Supply  from  Nevin's  Brook. 

Cliemical  Examination  of  Water  from  Nevin^s  Brook  in  Oill. 

[rartf  per  100,000.] 
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waa  high  on  account  of  rain  and  melting  anow. 

Microscopical  Examination. 

March,  18S9.     1.  Blue-green  algao,  0.0;  2.  Other  algw,  0.4;  8.  Fungi,  pr.     Groupa  and  principftl 
genera  of  orgauiHms  observed :    2.  Diatomaceffi;  Zygnemacen.    3.  Schizomycetea. 


Water  Supply  of  Gloucester.  —  Gloucester  Water  Supply 

Company. 

Description  of  Works.  —  Population  in  1885,  21,703.  The  works 
are  owned  by  the  Gloucester  Water  Supply  Company.  Water  was 
introduced  in  1885.  The  average  daily  consumption  in  1888  was 
387,427  gallons.  The  sources  of  supply  are  two  storage  reservoirs 
situated  in  West  Gloucester.  The  main  reservoir,  known  as  Dikes* 
Storage  Reservoir,  has  an  area  of  about  88  acres  and  an  average  depth 
of  about  18  feet.  Its  watershed  is  408  acres  and  its  height  above  the 
sea  92  feet.  It  was  formed  by  flowing  an  extensive  meadow.  The 
second  storage  reservoir,  known  as  Wallace  Pond,  is  located  farther 
down  the  stream,  at  an  elevation  of  61  feet  above  the  sea.  Its 
watershed  is  178  acres.  Water  has  not  yet  been  used  from  this 
reservoir.  The  watersheds  of  both  reservoirs  are  uninhabited,  and 
are  sterile  and  rocky  and  contain  but  little  swamp  land.  Water 
is  brought  through  a  i)ipe  from  Dikes'  Resen'^oir  to  the  pumping 
station,  where  it  is  forced  to  a  distributing  reservoir.     All  water 
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pumped  passes  througTi  this  reservoir.  Distributing  mains  are  of 
wrought  iron  lined  with  cement  and  of  cast  iron.  Service  pipes  are 
of  wrought  iron  coated  with  tar. 
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Gloucester  Water  Company. 
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Chtmical  Examination  of  Water  from  Day'a  Lower  Pond,  Gloucester. 
[r*ru  ptr  toojxn.] 
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Chemical  Examination  of  Water  from  Wcbuler's  Pond,  Oloueester. 
(Puu  pet  iua.MO.] 
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Water  Supply  of  Graptox.  —  Grafton  Water  Company. 

Description  of  Works. — Population  in  1885,  4,498.  The  works 
are  owned  by  the  Grafton  Water  Company,  and  were  Imilt  in  188(3. 
The  average  daily  conaumption  in  1888  was  about  100,000  gallons. 
The  source  of  supply,  until  early  in  1889,  was  a  covered  gallcrj', 
which  collects  water  from  Bcveral  large  springs.  Since  this  time 
the  supply  has  been  increased  by  sinking  tubular  wells.  The 
galleiy  is  95  feet  long,  12  feet  wide  and  1"  feet  high ;  its  bottom 
is  20  feet  Itelow  the  surface  of  the  ground.  Pumps  force  the  water 
to  an  open  iron  tank  25  feet  in  diameter  and  30  feet  high.  Dis- 
tributing mains  are  of  cast  iron  and  service  pipes  of  enameled 
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Chemical  Examinaiion  of  Water  Jrom  the  Oallery  of  (Ae  Orafton  Water  Company. 

[I>uu  ptr  IM.OOO.] 
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Watek  Supply  op  Great  Barrinoton.  —  Great  BARRiNaTOif 
Water  Company. 
Description  of  Works. — FopuUtion  in  1885,  4,471.  The  works 
are  owned  Iiy  the  Great  Barringtoii  Water  Company.  Water 
was  introduced  in  1867.  The  source  of  supply  is  a  small  mountaia 
brook,  on  which  a  very  small  storage  reservoir  is  built.  The  area 
of  the  reservoir  is  estimated  to  be  about  one  acre.     Maximum  depth, 
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12  feet ;  average  depth,  about  6  feet ;  bottom,  clay  ;  capacity,  nbout 
1,700,000  gallons.  The  natural  draimigc  area,  estimated  from  the 
Dew  topographical  map  of  Massachusetts,  h  about  134  acres.  The 
slo.pe3  are  very  steep  and  heavily  wooded.  There  is  very  little 
cleared  land  and  no  population  on  the  drainage  area.  In  the  vicinity 
of  tlje  reservoir  there  ia  a  dense  growth'  of  evergreen  trees  extending 
to  the  water's  edge.  Water  is  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron  and  service  pipes  of  wrought  iron. 

In  addition  to  the  Great  Barrington  Water  Company,  there  are 
three  other  water  companies  in  this  town.  Tlie  Manstield  Lake 
Aqueduct  Company  furnishes  water  from  Mansfield  Lake  to  a  very 
few  persons,  and  at  times  supplies  water  to  the  Great  Barrington 
Water  Company.  Tlie  Berkshire  lieiglits  Water  Company  con- 
structed works  in  1887  for  pumping  water  from  Green  River  in 
Great  Barrington  to  a  distributing  reservoir  to  supply  a  portion  of 
the  town.  These  works  are  not  yet  in  operation.  The  Housutonic 
Water  Company  was  chartered  to  supply  the  village  of  Ilousatonic, 
■which  is  in  the  northern  part  of  Great  Barrington  very  near  the 
line  between  Great  Barrington  and  Stockbridge.  Water  was  intro- 
duced in  December,  1888.  The  source  of  supply  is  Long  Lake  in 
Great  Barrington.  Water  is  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron ;  service  pipes  are  of  galvanized  iron. 

Qtemical  Examination  of  Water  from  the  Storage  Seaervoir  of  the  Qreal  Barring- 

ton  Water  Company. 

(i>uUiMtiMjm.] 
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WATER  SUPPLY  AND  SEWERAGE. 

Microscopical  Examinaiion. 

.    1.  Blnc-greaDdpe.O.O;   2.  Other  ■tg*.  pr. ;   S.FDDg1,<>.D;   t.  Auln 
id  principal  geotira  of  ot^dUqij  ob^aned :    2.  Dlatoouceia.    t.  ProlozQ 
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Chemical  Examination  of  Water  from  Xamfield  Lake,  Great  Barrington. 

[ParU  per  IMjWO.] 
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Chtmical  Examination  of  Water  from  Qrecn  River  in  Great  Harrington. 

[Ptni  par  100,000.] 
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"Water  Supply  of  Grekspield  Fire  District,  Greevfield. 
Description  of  Works. — Population  in  1885,  4,869.  Tho  lArks 
are  owned  by  the  Greenfield  Fire  District.  Water  was  introduced 
in  1870.  The  average  daily  consumption  in  1888  is  estimated  to 
have  been  about  400,000  gallons.  The  source  of  supply  is  Glen 
Brook  in  Leyden,  on  which  a  storage  reservoir  is  built.  The  area  of 
the  resen'oir  is  5J  acres  and  its  capacity  18,000,000  gallons.  Its 
maximum  depth  is  32  feet,  and  there  is  about  one  acre  of  shallow 
flowage.     The  drainage  area  of  about  5.36  square  miles,  estimated 
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from  the  new  topographical  map  of  Massachusetts,  is  mountainous, 
and  contains  but  a  very  small  population.  Water  ia  distributed  by 
gravity.  The  original  distributing  mains  were  very  smalt,  and 
were  replaced  in  1885  with  larger  ones  of  cast  iron.  The  service 
pipes  are  of  galvanized  iron. 

Chemical  Examination  of  Water  from  Olen  Brook  Storage  Retervoir. 
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Water  Supply  of  Haverhill. — Haverhill  Aqueduct 

Company. 

Description  of  Works.  —  Population  in  1885,  21,795.  The  works 
are  owned  by  the  Haverhill  Aqueduct  Company.  Water  was  in- 
troduced in  1802.  The  sources  of  supply  are  four  natural  ponds, 
known  as  Lake  Pentucket  (Round  Pond),  Lake  Saltonstall  (Plug 
Pond),  Kenoza  Lake  and  Crystal  Lake.  Water  was  introduced 
from  Lake  Pentucket  in  1802,  and  Saltonstall,  Kenoza  and  Crystal 
lakes  were  added  in  the  order  named.  Crystal  Lnke  having  been 
added  since  1883.  The  areas  of  the  ponds  and  of  their  watersheds, 
inclusive  of  water  surfaces,  are  given  below.  The  areas  of  the 
watersheds  have  been  computed  from  the  new  topographical  map  of 
Massachusetts. 


NAME. 

Area  of 

Watershed 

In  Acres. 

Area  of 

Pond 

in  Acres. 

Lake  Pentucket.        ...••.••••.•• 

273 

221 

794 

1,919 

40 

Lake  Saltonstall.        ............. 

38 

Kenoza  Lake, 

232 

Crystal  Lake 

152 

Total,   .... 

3,207 

402 

The  watersheds  are  generally  hilly  and  wooded.  The  population 
on  the  borders  of  the  city  is  beginning  to  encroach  upon  a  portion 
of  the  watershed  of  Lake  Saltonstall ;  with  this  exception  the  water- 
sheds contain  very  few  inhabitants.  From  Kenoza  Lake  pumps 
force  the  water  to  an  open  iron  tank  30  feet  in  diameter  and  50  feet 
in  height.  Water  is  supplied  from  the  other  lakes  by  gravity. 
Water  was  at  first  supplied  through  wooden  logs.  Iron  pipes  were 
introduced  about  1845.  At  present  the  distributing  mains  are  of 
cast  iron  except  in  a  few  outlying  districts,  where  they  are  of 
cement-lined  wrought  iron.  Service  pipes  are  of  lead  with  the 
exception  of  a  few,  which  are  of  wrought  iron. 
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Chemical  Examina'Mn  of  Wii!crfrom  Cry.ital  Lake,  Hnvcrhitl. 
[Pun.  per  1(10.0011.1 
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er  from  Kertota  Lake,  Saverhill  —  Concluded. 
[P«ti  ptr  ii»,o<io.] 
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Chemical  Examinuiion  of  Water  from  Lake  Fenluokei,  Saverhill. 
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Chemical  Examinalion  of  Water  from  Lake  Saltonstall,  Haverhill — Conc1uil«d. 
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Microscopical  Examinalion. 


Water  Sufflv  of  Hisgham  and  Hull,  ■ 
CoMPAsr. 


-HisoHAM  Water 


Deitcription  of  Woi-ks.  —  Population  in  1885,  Hingham,  4,-375; 
Hull,  451 ;  total,  4,826.  There  is  in  addition  a  very  large  summer 
population.  The  works  are  owned  by  the  Hingham  Water  Com- 
pany. Water  was  introduced  into  Hingham  in  1880  and  into  Hull 
in  1882.  The  average  daily  consumption  in  1888  was  estimated  to 
be  about  500,000  gallons.  The  sources  of  supply  are  Accord  Pond 
and  Fulling  Mill  Pond.  Accord  Pond  is  ft  natural  pond  133  feet 
above  mean  high  tide,  having  an  area  of  08  acres ;  average  depth, 
20  feet ;  maximum  depth,  45  feet.  Its  bottom  is  gravelly,  with 
muddy  deposits  in  the  deeper  parts.  There  are  about  4  or  5  acres 
of  shallow  flowage  in  a  part  of  the  pond  distant  from  the  outlet.  Its 
drainage  area  of  30C  acres  is  generally  level  and  well  wooded ;  it  has 
some  gravel  hills  of  slight  elevation.  A  small  portion,  estimated  to 
be  about  15  acres,  is  swamp  land.  Water  is  drawn  from  Accord  Pond 
80  feet  from  the  shore  and  is  distributed  by  gravity  to  Hingham. 
Fulling  Jlill  Pond  is  a  small  storage  reservoir  and  was  first  used  as 
a  source  of  water  supply  in  188fi.  Its  area  is  about  14  acres  and 
its  average  depth  about  6  feet.     It  has  a  muddy  bottom  and  there  is 
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a  small  area  of  shallow  flowage.  Its  superficial  dminage  area  is 
small,  but  water  probably  enters  the  pond  from  beyond  the  gravel 
ridges  which  surround  it.  It  is  30  feet  above  mean  high  tide.  A 
crib  30  feet  square  is  built  in  the  pond  and  filled  with  stones  and 
gravel.  The  sides  are  water-tight  up  to  within  4  feet  of  high  water. 
From  the  centre  of  this  crib  and  6  feet  below  high  water  a  pipe 
leads  to  a  basin  120  feet  long,  50  feet  wide  and  10  feet  deep,  built 
of  brick  and  stone  laid  in  cement.  From  this  basin  pumps  force  the 
water  to  a  covered  tank  40  feet  in  diameter  and  42  feet  high. 
Fulling  Mill  Pond  is  used  mainly  to  supply  Hull,  but  water  from 
Accord  Pond  can  be  diiiwn  into  the  basin  and  used  for  the  same 
purpose.  Fulling  Mill  Pond  is  not  used  in  winter  and  is  generally 
drawn  off  in  the  fall  and  the  bottom  is  cleaned.  Distributing  mains 
are  of  wrought  iron  lined  with  cement.  Service  pipes  are  of  wrought 
iron  lined  with  cement  and  of  galvanized  iron. 

The  water  in  Accord  Pond  has  occasionally  a  bad  taste  and  odor 
in  the  early  summer,  usually  between  June  1  and  20.  It  was  found 
in  one  case  that  the  water  from  near  the  surface  caused  no  com- 
plaint, while  the  water  drawn  from  several  feet  beneath  the  surface 
was  objectionable. 


Chemieai  Examination  of  Water  from  Aeeord  Pond,  Bingham. 
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Chemical  ExamincUion  of  Water  from  Accord  Pond — Condaded. 
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Chemical  Examinalion  of  Water  from  Fulling  Mill  Pond,  Hingham. 
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Mieroacopical  Examination. 


IWtS. 

J.„. 

July. 

Au». 

o... 

N... 

r^. 

1.  BlDtgreen  AlgB '.        .        . 

0.0 

0.0 

0.0 

0.0 

0.0 

3.  Olhar  Algs 

».a 

H.a 

asi.s 

- 

0.1 

o.o 

».P»»»» 

0.0 

0.D 

0.0 

0.0 

0.0 

4.  AntoMl  Pomu 

pr. 

pr. 

0.! 

- 

pr. 

0.4 

"WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Water  Sl'pplv  of  Hi:<sdalb  Fiee  Distuict,  Hinsdai^e. 
Description  of  Works.  — The  population  of  the  town  of  Hinsdule 
in  1885  was  1C56.  The  works  are  owned  by  the  Fire  District  and 
were  constructed  in  1889.  About  200  families  ai-e  supplied.  The 
source  of  supply  is  a  storage  reservoir  on  a  smqll  mountain  stream. 
The  area  of  the  storage  reservoir  is  about  9  acres  and  its  total 
capacity  is  35,000,000  gallons.  Its  maximum  depth  is  21  feet. 
The  bottom  is  turf  and  loam  overlying  rock  and  hard  pan.  "Water 
ia  distributed  by  gravity.  Distributing  mains  are  of  cast  iron ; 
service  pipes  are  of  galvanized  iron. 
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Mieroacopieal  Examination. 


"Water  Suppi^  of  Holbrook. 
This  town  is  supplied  jointly  with  Randolph.     See  Randolph. 


Water  Supply  of  Holtoke. 

Description    of   Works. — Population    in    1885,    27,895.      The 

works   are   owned   by   the  city.     Water  was  introduced  in  1873. 

The  estimated  average  daily  consumption   in  1888  was  2,381,000 

gallons.     The  original  sources  of  supply  were  Ashley  and  Wright 
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ponds.  Tannery  and  Whiting  Street  brooks  have  since  been  added. 
The  ponds  are  natural  and  at  the  same  level,  and  are  divided 
from  eacTi  other  only  by  a  road.  Free  communication  between 
them  is  established  by  a  culvert.  The  gate-house  for  drawing  water 
from  both  ponds  is  located  at  Wright  Pond.  Ashley  Pond  has  an 
area  of  185  acres  and  a  maximum  depth  of  25  feet,  of  which  12  to 
13  feet  of  water  can  be  drawn  olT.  Wright  Pond  has  an  area  of  45 
acres.  Both  ponds  have  muddy  bottoms  and  swamps  on  their 
borders.  A  small  storage  reservoir  was  built  in  1883  on  Bray 
Brook,  which  flows  into  Wright  Pond.  1  his  reservoir  has  an  area 
of  20  acres  and  a  capacity  of  70,000,000  gallons. 

Tannery  Brook  was  added  in  1881  by  building  a  small  dam 
across  it  and  diverting  its  water  through  a  ten-inch  pipe  into  the 
main  pipe  leading  from  the  ponds  to  the  city. 

Whiting  Street  Brook  was  added  in  1884  by  building  a  dam 
which  flows  an  area  of  about  one  acre,  and  by  laying  a  pipe  to  con- 
nect the  reservoir  thus  formed  with  the  pipe  system  already  in  use. 
The  dam  at  Whiting  Street  Brook  is  between  30  and  40  feet  above 
the  level  of  the  surface  of  Wright  Pond,  so  that  when  water  is  sup- 
plied from  the  brook  in  excess  of  the  amount  consumed  in  the  city 
it  may  flow  back  into  the  pond  through  the  pipe  leading  from  it. 
A  dam  is  now  being  built  on  the  brook  to  flow  114  acres  to  an 
average  depth  of  about  16  feet.  The  dam  is  25  feet  high  at  the 
highest  point,  with  overflow  20  feet  high.  The  greater  portion  of 
the  bottom  of  the  new  reservoir  was  formerly  a  meadow,  some 
portions  of  which  were  swampy. 

The  watersheds  of  all  of  the  sources  are  generally  hilly  and  rough, 
being  mostly  pasture  and  woodland,  though  some  portions  are  culti- 
vated.    The  population  on  the  watersheds  is  small. 

The  area  of  the  combined  watersheds  of  the  ponds  and  Tannery 
Brook  is  1,72G  acres;  of  Whiting  Street  Brook  857  acres.  Total 
area  of  watersheds  supplying  the  city,  2,583  acres.  Water  is  dis- 
tributed through  cast-iron  mains  and  enameled  wrought-iron  service 
pipes. 

In  the  autumn  and  winter  of  1875  and  1876  the  water  of  Ashley 
and  Wright  ponds  was  affected  by  a  very  disagreeable,  fishy 
taste  and  odor.  A  similar  condition  of  the  water  has  been  noticed 
several  times  since  1876,  but  since  1881  there  has  been  no  recur- 
rence of  the  trouble. 
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Chemical  Examination  of  Water  from  Whiting  Street  Brook,  Holyoke. 
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Chemical  Examination  of  Wnter  from  Wright  and  Askky  Ponds — ConcludeJ. 
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Chemical  Ezamiimtim  of  Water  from  a  Faucet  in  the  City  of  Uolt/oke  supplied 
from  the  Bolifoke  Water  Works. 
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Chemical  Examination  of  Water  from  a  Faucet  in  the  <Hty  of  Holyoke  »upplitd 
from  Che  Holyoke  Water  Worki — Concluded. 
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"Water  Supplt  of  Hofedale. 
This  town  is  supplied  jointly  with  Milford  by  the  Milford  "Water 
Company.     See  Milford. 


"Water  Supplt  of  Hopkinton. 

Bescription  of  Works.  — Population  in  1885,  3,922.     The  workfl 

are  owned  by  the  town.     Water  was  introduced  in  1884.     The  aver- 

age  daily  consumption  in  1887  was  about  25,000  gallons.     The 

sources  of  supply  are  three  tubular  wells,  each  6  inches  in  diameter. 
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Well  No.  1  is  59  feet  deep,  well  No.  2  is  65  feet  deep,  and  well 
No.  3  is  75  feet  deep.  They  are  sunk  in  rock  which  comes  within 
10  feet  of  the  surface  of  the  ground,  not  far  from  the  summit  of  a 
large  hill.  There  are  44  houses  on  this  hill  within  1,000  feet  of  the 
pumping  station.  Pumps  force  the  water  fi^m  the  wells  to  an  open 
iron  tank  35  feet  in  diameter  and  35  feet  high.  Distributing  mains 
are  of  cast  iron  and  service  pipes  of  wrought  iron. 

Chemietd  Examinalion  of  Water  from  the    Tal/t^r   Welti  of  the  HopkirUon 
Water  Work*. 
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Chemical  Examination  of  Water  from  WeU  No.  1,  SbpkirUon  Water  Works. 
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Chemical  Examination  of  Water  from  Well  No.  3,  ITopkinlon  Water  Works. 
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WATER  SUPPLY  AND   SEWERAGE. 


Wateh  Supplt  of  Hudson. 
Description  of  Works. — Population  in  1885,  3,968.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1884.  There 
were  about  422  service  taps  supplied  in  1888.  The  source  of  supply 
is  Gates  Pond,  in  Berlin.  Area  of  pond.  75  acres  ;  average  depth, 
30  feet;  maximum  depth,  80  feet;  bottom,  sandy.  There  is  no 
shallow  tlowBge  and  the  shores  are  abrupt.  The  drainage  area,  of 
310  acres  exclusive  of  the  pond,  consists  of  pasture  and  woodland, 
and  a  very  little  cultivated  land  ;  it  is  uninhabited.  Water  is  dis- 
tributed by  gravity.  Distributing  mains  and  service  pipes  are  of 
wrought  iron  lined  with  cement. 


Chemical  Examination  of  Water  from  Oates  Pond  in  Berlin. 

[■■uU  per  100,000.] 
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Chemical  Examination  of  Water  from  Oatea  Pond  in  Berlin  —  Concluded. 
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Water  Supply  of  Hull. 
This  town  is  supplied  jointly  with  Hingham  by  the  Hingbam 
Water  Company.     See  IHnffham. 
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WATER  SUPPLY  AND  SEWERAGE. 


Water  Scfply  of  Htde  Park. — Hyde  Park  Wateh 
Company  . 
Description  of  Work».  —  Population  in  1885,  8,37G.  The  works 
are  owned  by  the  Hyde  Park  Water  Company,  and  were  built 
ia  1885.  The  sources  of  supply  are  tubular  wells  aunk  near 
the  Keponset  River  to  a  depth  of  34  to  38  feet.  There  were 
64  two-inch  tubular  wells  connected  with  tlie  pumps  in  1887,  and 
others  have  lieeu  added  since  that  time.  The  pumps  foi-ce  the  water 
to  an  open  distributing  reservoir,  having  a  capacity  of  1,500,000 
gallons.  It  is  150  feet  square  at  the  top  and  the  water  is  14  feet  deep 
when  it  is  full.  The  bottom  is  of  concrete  and  the  t^lupes  are  paved. 
The  reservoir  is  on  the  opposite  side  of  the  village  from  the  pumping 
station  and  is  reached  by  a  single  line  of  pipe,  so  that  only  the  sur- 
plus from  pumping  goes  to  the  reservoir.  The  water  enters  it  at 
one  aide  and  ia  drawn  out  at  the  other.  The  growth  of  algiv  in  the 
water  of  the  reservoir  has  affected  its  quality  to  such  an  extent  that, 
he^nning  March  8,  188!f,  continuous  pumping  was  resorted  to,  and 
the  use  of  the  reservoir  was  discontinued  except  in  case  of  fires  or 
other  emergencies.  The  analyses  of  water  from  the  reservoir  after 
March  8,  1889,  do  not,  therefore,  indicate  the  quality  of  the  water 
supplied  to  the  town.  Distributing  mains  are  of  cast  iron  and 
service  pipes  of  wrought  iron  lined  with  cement. 


Chemical  Examination  of  Water  from  the  Tubular  Wells  of  Ok  Hyde  Park 

Water  Company. 
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Chemicat  ExamituUion  of  Water  from  the  Tubular  Wells  of  the  Btfde  Park 
Water  Company  —  Cohcluded. 
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Chemical  Examination  of  iValer  from  the  Distributing  Reservoir  of  the  Hyde 
Park  Water  Company, 
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Chemical  Examination  of  Water  from  Neponsel  River  at  Hyde  Park. 
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Ottmical  Examination  of  Water  from  Neponset  Bxvtr  at  Hi/de  Park — Concluded. 
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[D«. 


Water  Supply  op  Kingston. 

DescrijH-ion  of  Works.  —  Population  in  18.S5,  1,570.  The  works 
are  owned  by  the  town.  Wiiter  wus  intrailuced  iu  1880.  The 
sources  of  supply  are  a  well  and  tilter-gallery  on  the  bank  of  Jonea 
River  near  tbe'villatfe.  The  well  is  20  feet  in  diameter  and  Is 
covered  and  ventilated.  The  filter-gallery,  built  in  June,  1888,  is  a 
brick  arch  360  feet  long,  20  inches  wide  and  14  inches  high.  It  was 
built  parallel  with  and  near  the  river  and  is  connected  with  the  well. 
Pumps,  operated  by  water  power,  force  the  water  to  a  cylindrical 
distributing  reservoir  having  a  capacity  of  205 ,000  gallons.  The 
reservoir  is  50  feet  in  diameter  and  its  depth  below  an  overflow  pipe 
is  18  feet.  The  walls  are  built  of  brick  masonry  and  the  bottom  is  of 
concrete.  In  July,  1888,  the  reaer\'oir  was  covered  with  a  roof  to 
exclude  the  light.  When  the  pumps  are  in  operation,  only  the 
water  not  used  by  the  water  takers  goes  to  the  reservoir,  and  water  la 
drawn  from  it  by  the  same  pipe  which  feeds  it.  Circulation  of  water 
in  the  reser>'oir  has  sometimes  been  caused  by  pumping  an  excessive 
amount  of  water  into  it,  thus  causing  the  water  to  ^vaste  through  the 
overflow  pipe.  Distributing  mains  are  of  cast  iron  and  service  pipes 
are  of  lead. 

Previous  to  Oct.  15,  1888,  there  was  a  small  system  of  water 
works  in  the  town  operated  by  the  Kingston  Aqueduct  Company, 
The  sources  of  supply  were  three  wells  near  Jones  liiver  and  a  short 
distance  below  the  sources  of  the  present  supply  of  the  town.  The 
works  of  the  company  were  purchased  by  the  town  and  have  beeQ 
discontinued. 

Chemical  Examiimlion  of  Water  frojn  the  Well  and  FiUer-Onlkri/,  Kingston. 
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WATER  SUPPLY  AND   SEWERAGE. 


Chemical  Examinalion  of  Water  from  the  Welt  and  Fitter-OalUry. 
Kingston  —  Concluded. 
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Microscopical  Examination. 
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ChcmwiU  Examination  of  Water  from  the  Dintrihuting  Reservoir,  Kingtton. 


[P«l 

parlOOJlUO. 

D„.o, 

*.™u.,... 

eSsss.',,".'., 

^.^ 

1 

„™„ 

1 

J 

a- 

f 

1 

1 

i 

jl 

1 

j_ 

i 

1 

1 

tn 

JdhsI'U  Ja»30'.V8r>'allgfat.  RolH. 

0.0  1   s.»'    - 

. 

.0003 

.0038 

.81 

.1040 

tm 

July  la  Jnlj  » ■  Vary  .llgta.1  .Toofc 
AT.g,ai|A0B.W    Sligbl.          jSona. 

0 

ll : 

.01101 
.OOM 

ootr 

lu63 

o«.  a? 

0«.  a»;iD!nliici, 

Slight. 

0 

i.w  . 

. 

.onw 

0004 

i^a 

Nov.ao 

Dan.     t.'verynllghl 

VaiT  (light. 

..« 

.0000 

-OOIfl 

.».,«. 

- 

IMtt 

Dm.  as 

Dm.  29    DUIlntl. 

"S. 

0.40 

- 

.0000 

o«n 

-ooot 

174, 

Pell.     2 

Feb.    3|811,1>I. 

Slight. 

«.« 

.0000 

0003 

.I.!I 

0007 

im  prb.  Ji 

P.b.  23><»W. 

Vary  aUgbt. 

0      >.» 

.OMU 

OOM 

.85 

.1000 

0000 

30S1  '  Uar.  W 

M.r.  21   aiigw. 

Varyaa^i 

0|  S.N 

.0000 

004S 

.80 

.laoo 

0000 

32h[ap..,8 

Apr.  is'.naddaa. 

Saw. 

.] ..,. 

.OOIM 

OMO 

.88 

.1000 

0004 

MU    «.y  la  Moy  nlDi«l»«. 

■■"""'■ 

.]!  ..„ 

.0000 

0060 

.89 

.08*0 

0010 

XTWijBir  a 

Jolj    »1  Slight. 

^'iti'ti. 

0 

'U 

■"»- 

H» 

" 

.0700 

0010 

37U  July  IS 

JulylT||Bllghl. 

Vary  alight, 

"}... 

.OOM 

0044 

.80 

.0180 

OOM 

3031,  Aug.  33 

1 

Aug.Wl  V«y.llglil. 

Verrallghl 

•.,»- 

.own 

oou 

.80 

.orao 

ooa> 

-r" 

Bapl-aS 

NoDa. 

Nona. 

O'l    11.11:      - 

|l  t.9S, 

- 

.0004 

OOH 

IH14 

.88 

.0800 

0001 

1 

No..    I 

Sooa. 

VeryilliM 

' 

1.4S' 

- 

.DUUU 

0024 
HUB 

.80 

.0000 

0000 

atU   Dn.    3 

Dec.    1 

,H<»ia. 

ITou. 

t.so'   - 

- 

.0000 

OOM 

.81 

.0000 

0000 

3T13  D«.  la 

Deo.  U 

,  Kon.. 

Blight. 

0 

B.M      - 

- 

.0000 

0018 

.84 

.0800 

0000 

1           ,^ 

3«3  '  Pab.     3 

Fab.    t 

^»Xr 

«'ri. 

- 

.0014 

„« 

.« 

.„. 

oooo 

4100 

Frt.a 

Feb.  13 

■  Nona. 

Vary  .light 

"  1  ••"■      - 

- 

.0000 

OOM 

Hie 

.H 

.0700 

0008 

«)27 

U>r.  IS 

Mar.  IS 

Slight. 

Slight. 

0       i.Ii.     - 

.000) 

0*04 

.7. 

.0780 

0001 

4*W 

Apr.  10 

Apr.  10 

VerylWil. 

Veryallght.'  0 

" 

4.fli      - 

.OOM 

OI«t 

.-. 

.0(00 

0001 

"' 

...~ 

'■^.     -     i       - 

.» 

.0004 

::zi 



^ 

I..rdn». 

nUMy 

SM.S.1.    Od 

r  i.ooa.«o 

apt 

«,pl.3. 

ni.. 

bU. 

udia 

octly 

dlur 

*«bla 

~ 

1889.]  WATER  SUPPLY  AND  SEWERAGE.  171 

MicroBropireU  Examination. 
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Chtinical  Examination  of  Water  from  Ike   Wells  formerly  used  by  the  KimjKton 
Ai/uediict  Company. 
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Chemical  Examination  of  Water  from  Jones  River  at  Kingston. 

[Punt  iwr  100,000.] 
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Chemical  Examination  of  Water  from  Aaaamompnett  Pond  in  LakevUlr. 

[Parti  1>er  ](10,OM.] 
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Microscopical  Examination. 


Chemical  Examination  of  Water  from  LUile  Quitlacas  Pond  in  Lakevillt. 

[PwU  per  IOO.«IO.] 
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MicroKopieai  Examination. 
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Chemical  Examination  of  Water  from  Elder's  Portd  in  LakevUU. 
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Microscopical  Examination. 


Water  Supply  of  Lancaster. — Lancaster  Water  Company. 
Description  of  Works.  —  Population  in  1885,  2,050.  The  Lan- 
caster Watef  Company  owns  the  distributing  aystem  in  the  town 
and  purchaaea  water  from  the  town  of  Clinton.  Water  was  intro- 
duced in  1885.     ^ee  Clinton. 


Water  Supply  of  Lawrence. 
Description  of  TFbcAvt.  —  Population  in  1885,  38,862.  The 
works  are  owned  by  the  city.  Water  was  introduced  in  1875. 
The  average  daily  consumption  in  1888  was  2,677,000  gallons. 
The  source  of  supply  is  the  Merrimack  River  above  the  city,  where 
its  waters  are  ponded  by  the  dam  of  the  Essex  Company.  Water 
is  taken  from  the  river  directly,  and  is  also  taken  from  a  filter- 
gallery  near  the  river ;  the  amount  coming  from  the  gallery, 
however,  ia  but  a  small  proportion  of  the  whole.  The  Merrimack 
River  above  the  Essex  Company's  dam  has  a  watershed  of  4,634 
square  miles,  containing  in  1885  a  population  of  362,803,  equal  to 
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78.3  persons  per  square  mile.     The  cities  and  towns  on  the  water- 
shed having  a  population  of  more  than  10,000  are  as  follows :  — 

City  or  Town.  Population. 

Lowell,  Mass.  (1885) 64,107 

Manchester,  N.H.  (1880), 32,630 

Coneord,N.  H.  (1880), 13,843 

Nashua,  N.  II.  (1880) 13,397 

Fitchburg,  Uslss,  (1885) 12,429 

Marlborough,  Mass.  (1885) 10,127 

Total, 146,533 


Lowell  is  situated  on  the  Merrimack  River  9  miles  above  the 
intake  of  the  Lawrence  Water  Works,  and  is  provided  with  sewers 
which  discharge  directly  into  the  river.  The  large  manufacturing 
establishments  in  this  city  also  turn  their  wastes  into  the  stream. 
All  of  the  other  cities  mentioned  are  at  a  greater  distance  from 
Lawrence. 

A  more  complete  description  of  the  Merrimack  valley  and  the 
conditions  affecting  the  purity  of  the  water  of  the  river  will  be 
found  subsequently  in  the  chapter  relating  to  ''  Rivers." 

The  filter-gallery  is  300  feet  long,  8  feet  wide  and  8  feet  high. 
Its  bottom  is  15  feet  below  the  crest  of  the  Essex  Company's  dam. 
The  sides  of  the  gallery  are  of  rubble  masonry  and  the  roof  is  a 
brick  arch.  Water  enters  the  gallery  at  the  bottom,  which  is 
covered  with  a  layer  of  broken  stones.  Water  floWs  by  gravity 
from  the  river  or  filter-gallery  or  both,  to  the  pump  well  from 
which  it  is  lifted  to  an  open  distributing  reservoir.  The  reservoir 
is  rectangular  in  shape,  694  feet  long,  375  feet  wide,  and  25  feet 
deep  at  high-water  mark.  Its  capacity  is  40,000,000  gallons,  equal 
to  15  days'  supply  at  the  rate  of  consumption  in  1888.  It  is 
separated  into  two  equal  compartments  by  a  division  embankment 
having  its  top  three  feet  below  high-water  mark. 

The  force  main  runs  through  this  embankment  to  the  middle  of 
the  reservoir,  where  it  turns  upward  and  discharges  upon  a  stone 
platfonn  from  which  the  water,  falls  over  six  granite  5teps  into  either 
or  both  compartments  of  the  reservoir.  The  object  of  this  arrange- 
ment is  to  aerate  the  water.  Water  is  distributed  through  cast-iron 
mains.  Rubber-lined  iron  was  first  adopted  for  service  pipes,  then 
galvanized  iron,  and  more  recently  lead.     Most  of  the  service  pipes 
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in  use  at  the  present  time  are  of  galvanized  iron.  Water  is  supplied 
from  the  Lawrence  Water  Works  to  u  portion  of  the  town  of 
Methuen. 


ChemieaX  Examination  of  Water  from  Ihc  Merriviack  Biver  at  the  Intake  of  the 
Lawrence  Water  Works,  eollccteU  One  Foot  beneath  the  Surface. 

[fim  par  WJW.] 
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Chemical  £lxaminatioft  of  Water  from  the  Merrimack  River  at  the  Intake  of  the 
Laiorence  Water.Work&,  colieeted  One  Foot  beneath  the  Surface — Concluded. 
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Chemical  Examination  of  Water  from  the  Mtrrimack  Biver  at  the  Intake  of  the 
Laif/rence  Water  Works,  ooUected  Six  Feet  or  more  beneath  the  Surface. 
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Chemical  Examination  of  Water  from  the  Force  Main  at  the  Pumping  SItUitm  of 
the  Lawrence  W'Uer  Works. 
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Chemical  Examinatiojf  of  Water  from  the  DiatrHmting  Setervoir  of  the  Lavrreaee 
Water  PForfai— Concluded. 
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Chemxr.al  Examination  of  Water  from  a  Faueel  at  the  Experimental  Station  of  the 
State  Boartl  of  Health  at  Lawrence — Concluded. 
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Volume  of  Water  Flowing  in  the  Merrimack  Biver  on  the  Date*  when  Samples  of 
Water  were  CoUecUdfor  Analgais. 
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M''ater  Supply  op  Lee. — Berkshire  Water  Company. 

Description  of  TforAw.  —  Population  in  1885,4,274.     The  works 
aro  owned  by  the  Berkshire  Water  Company,  and  were  built  in  I88L 
The  source  of  supply  is  Codding  Brook,  on  which  a  storage  and  a 
distributing  reservoir  are  built. 

The  storage  reservoir  is  situated   among  the  mountains  east  of 
the  Housatonic  River,  and  is  said  to  be  at  an  elevation  of  800  feet 
above  the  distributing  reservoir.     It  was  formed  by  building  a  low 
dam  across  the  valley  of  the  brook  at  a  point  where  the  brook  flowed 
from  a  tract  of  meadow  hind.    Its  area  is  22  acres ;  maximum  depth, 
8  feet ;  bottom,  muddy  ;  capacity,  20,000,000  gallons.     None  of  the 
vegetable  growth  was  removed  from  the  meadow  liefore  it  was  flowed. 

The  distributing  reservoir  is  situated  one  mile  down  stream  from 
the  Btoi-age  resen-oir,  and  is  formed  like  the  latter  by  n  dam  aci-oaa 
the  brook.     The  distributing  reservoir  has  a  capacity  of  1,500,000 
gallons,  and  its  maximum  depth  is  20  feet.     The  drainage  area  is 
mountainous.    Water  is  distributed  by  gnivity.     Distributing  mains 
are  of  cement^lined  wrought  iron.     Service  pipes  are  of  galvanized 
iron. 

from  the  Lee  Wiaer  Works. 
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Microscopical  ExamincUion, 

April,  1888.    1.  Blue-green  alga,  0.0. ;   2-  Other  algse,  pr.;    3.  Fungi,  0.0;    4.  Animal  forms,  0.0. 
3£ay,  1888.    1.  Blne-green  alga,  0.0;    2.  Other  algie,  pr. ;    3.  Fungi,  pr.;    4.  Animal  formA,  pr. 
Gronpe  and  principal  genera  of  organitma  obaerved :  2.  Diatomacen.    8.  SchizomyceteB.    4.  Pro- 
tozoa. 


Proposed  Water  Supply  of  Leicester. 

Chemical  Exctmination  of  Water  frmn  a  Spring  at  the  head  of  Kettle  Brook  in 

Paxton. 

[Part*  per  100,000.] 
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Odor,  very  faint  or  none. The  sample  was  collected  from  the  spring. 

Microscopical  ExamincUion, 

July,  1888.    1.  Blue-green  algas,  0.0;  2.  Other  algas,  0.2;  8.  Fungi,  pr.;  4.  Animal  forms,  0.0. 
Oronpa  and  principal  genera  of  organisms  observed:     2.  Zoosporeae;  Diatomacen.     8.  Schizo- 
mycetes. 


Water  Supply  of  Lenox.  —  Lenox  Water  Company. 

Description  of  Works, — Population  in  1885,  2,154.  The  works 
are  owned  by  the  Lenox  Water  Company,  and  were  built  in  1875. 
About  1,500  people  were  supplied  in  1887.  The  sources  of  supply 
are  three  small  reservoirs  in  the  mountains  west  of  the  village. 
One  of  these  reservoirs  is  at  the  head  of  the  Yoken  River,  a  small 
stream  which  flows  around  Lenox  to  the  north,  and  empties  into  the^ 
Housatonic  River.  This  reservoir,  when  full,  is  said  to  contain 
40,000  gallons.  Its  drainage  area  is  small,  and  the  slopes  are  steep 
and  covered  with  wood.  From  this  reservoir  water  flows  by  gravity 
to  the  distributing  reservoir.  The  latter  reservoir  has  a  capacity  of 
165,000  gallons  and  a  very  small  drainage  area.  The  third  reser- 
voir is  at  the  head  of  a  small  brook  which  flows  into  the  Williams 
River.  This  reservoir  has  a  capacity  of  500,000  gallons,  and  its 
drainage  area  of  about  360  acres  is  similar  to  that  of  the  reservoir 
on  the  Yoken  River,  but  is  considerably  larger.  Water  is  pumped 
from  this  reservoir  over  the  dividing  ridge  to  the  reservoir  on  the 
Yoken  River,  a  distance  of  a  little  over  a  mile.  The  total  drainage 
area  of  the  three  reservoirs  is  about  three-quarters  of  a  square  mile, 
as  estimated  from  the  new  topographical  map  of  Massachusetts. 
Distributing  mains  are  of  cast  iron  and  service  pipes  of  wrought  iron. 
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Chemical  Examination  of  Water  from  a  Faucel  in  the  Village  of  Lenox  lupplied 
from  the  Distributing  Seterooir. 
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HarduHi  In  Miy,  1)138,  3,4.    Odor,  nooa. There  vera  heavy  r^u  foH  pmioiKto  tlw  oolltetloa 
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(  Microtcopieal  Examtnalion. 

April,  1^<).    1.  Dlu«-gr«ii  algn,  0.0;  i.  Other  .lgB,pr.i  3.  Fungi,  0.0;  4.  Aninil  fonni,  pi. 
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4,  rn>l«ioa;  RoUferi. 

Chemical  Examination  of  Water  from  Lily  Pond,  Lenox. 
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Water  Supply  of  Leominster. 

Description  of  Works.  —  Population  in  1885,  5,297.  The  works 
are  owned  by  the  town  and  were  built  in  1873.  About  997 
service  taps  were  supplied  in  1888.  The  sources  of  supply  are 
Morse  and  Haynes  brooks,  on  each  of  which  a  storage  reservoir  is 
built,  and  Quarter-of-a-mile  Brook,  which  is  formed  by  the  confluence 
of  Morse  and  Haynes  brooks.  The  Haynes  Storage  Reservoir  is  the 
larger.  \i  was  formed  by  building  a  dam  across  Haynes  Brook  at 
a  point  where  it  flowed  from  an  area  of  swamp  and  meadow  land. 
About  one-third  of  the  area  was  a  swamp  covered  with  a  growth  of 
wood.  In  preparing  the  area  for  flowage,  the  trees  were  cut  down, 
but  the  stumps  and  vegetable  matter  were  not  removed.  Its  area 
is  58  acres,  audits  capacity,  when  full,  121,000,000  gallons.  The 
maximum  depth  is  12  feet.  The  general  depth  of  the  reservoir  is 
about  7  feet,  and  about  one^fourth  of  it  is  very  shallow. 

Morse  Reservoir  was  originally  built  to  furnish  water  power  for  a 
mill  and  was  purchased  by  the  town.  Its  area  is  1 1  acres  and  its 
capacity  is  about  7,000,000  gallons.  It  has  a  sandy  bottom  and 
there  is  no  shallow  flowage. 

Morse  and  Haynes  brdoks  unite,  after  flowing  a  short  distance 
below  the  distributing  reservoirs,  and  form  Quarter-of-a-mile  Brook. 
On  this  brook  a  small  reservoir  is  built,  which  is  used  as  a  distribut- 
ing reservoir.  Its  area  is  4J  acres  and  its  capacity  6,750,000  gal- 
lons. Water  from  the  storage  reservoirs  flows  down  the  natural 
channels  of  the  brooks  to  the  distributing  reservoir. 

The  area  of  the  watershed  of  Haynes  Resei'voir  is  315  acres,  that 
of  Morse  Reservoir  is  165  acres,  and  that  of  the  distributing  reser- 
voir, excluding  the  others,  is  737  acres ;  making  a  total  watershed 
at  the  outlet  of  the  distributing  reservoir  of  1,217  acres.  These 
areas  are  uninhabited,  excepting  by  a  very  small  farming  population, 
and  are  generally  steep,  rocky  and  well  wooded,  and  contain  but 
little  cultivated  land.  The  watershed  of  Haynes  Reservoir  is  chiefly 
pasture  land  and  there  is  a  small  swamp  near  the  reservoir. 

Distributing  mains  and  service  pipes  are  of  wrought  iron  lined 
with  cement.  For  all  extensions  to  distributing  mains  cast  iron  is 
now  used. 

For  two  months  or  more  in  the  autumn  of  1882  the  water  supplied 
to  consumers  had  a  very  disagreeable  odor  and  taste.  After  the 
first  heavy  frost  the  trouble  disappeared,  but  it  re-appeared  the  next 
season,  and  as  a  remedy  a  filter  dam  was  built  in  1884  across  the 
brook  just  before  it  enters  the  distributing  reservoir.     The  filter 
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dam  consists  of  a  rough  stone  wall  built  across  tho  upper  end  of  the 
resci-voir,  behind  which  the  filtering  material  is  placed.  The  mate- 
rial consists  of  cobblestones  at  the  bottom,  upon  which  is  a  layer  of 
coarse  gravel  with  a  layer  of  fine  gravel  at  the  top.  Once  a  year 
the  basin  formed  by  the  filter  dam  is  cleaned  and  the  layer  of  fine 
gravel  over  the  top  of  the  filter  is  renewed.  Most  of  the  water 
which  enters  the  distributing  reservoir  passes  through  the  filter  dam, 
excepting  at  times  of  very  high  water.  There  13  said  to  have  been 
no  serious  trouble  with  the  water  delivered  in  the  town  since  that 
time. 


Chemical  Examination  of  Water  from  Haynes  Reservoir,  Ijeominater. 
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Ckemienl  Examination  of  Water  from  Haynea  Beservoir,  Leomituler — Conoluded. 
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Chetmeal  Examinalion  of  WaUr  from  Morte  Baervoir,  Leominster. 
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Chemical  Examination  of  Water  frvm  Morae  Reservoir,  Leomiiuter  —  Concluded 
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Chemical  Examination  of  Water  from  (he  Distributing  Reservoir  of  the 

Leominster  Water  Works. 
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Xicrdacopieai  Examination. 

r.iwa.    1.  Blne-rnenilgB,  Df.l  1.  Olbtr tlgm.i^;  t.  FimcU 
OronpaaDdprioclpalgcDenaf  a[fmnl*mi>  obHrced :  1.  CrmuophycM.  3.  . 
IHMoaUMB,  Jftiotfra ,-  DwmldlaMB.    S.  BehliamTeetn.    4.  ProtoiM. 


Water  Supply  of  Lexington.  —  Lexinotos  Water  Company, 
Description  of  W^ori-«.  ~  Population  in  1885,  2.718.  The  works 
are  owned  by  the  Lexington  Water  Company.  M'^ater  was  intro- 
duced in  1884.  The  average  daily  consumption  in  1888  was 
40,000  gallons.  The  sources  of  supply  in  1887  and  1888,  during 
the  time  when  analyses  of  the  water  were  made,  were  two  wells  on 
the  border  of  a  meadow.  One  well  is  20  feet  in  diameter  and  29 
feet  deep,  the  lower  14  feet  being  through  ledge.  The  other  well  is 
20  feet  in  diameter  and  18  feet  deep.  The  wells  are  about  200  feet 
apart  and  are  connected  by  a  drain  pipe  kid  with  open  joints  covered 
with  about  7  inches  of  porous  material,  and  above  that  with  muck  to 
the  surface.  Both  wells  are  built  with  a  brick  curbing  and  are  not 
covered.  Pumpa  force  th^  water  to  an  open  iron  tank  18  feet  in 
diameter  and  35  feet  high.  Distributing  mains  are  of  cast  iron  and 
service  pipes  are  nearly  all  of  lead.  The  remainder  are  of  galvanized 
iron.  Additional  wells  have  recently  been  connected  with  the 
pumps,  and  a  deep  tubular  well  is  to  be  added  to  the  other  sources 
of  supply. 


Chemical  Examination  qf  Water  from 

C^  Wells 

l»rlW.«».] 

of  the  Lexington  Water  Company. 

1     " 

.»„..,..       1  ,;:ss;r.. 

— 

i 

M™.!!'. 

is 

i 

1 

i 

f 

i 
1 

I'l 

■h 

i 

|l 

I 

1 

80  June  10  JdmII 

'  Slight. 

Non.. 

KM 

T.M 

11.B 

i.i* 

.D008 

.OlM 

.40 

-OOM 

S>3  Julf  11  Jul;  13 

Bllgbt. 

VTJ-illghl 

0.10 

«.« 

fl.M 

S.5S 

.0013 

.oom 

.» 

- 

aas  Aug.Ti  Auf.  12 

"X"" 

Very. light. 

4.M 

8.75 

4.» 

T.SS 

-OOIl 

.im 

.40 

.UW 

- 

I«   8epl.l3,8epl.t3 

Very  .light 

Very  .light 

0.4lt 

e.i! 

0.M 

S.Bl 

.OOM 

-Olio 

Ai 

.0300'     - 

SK    Oct.  12 

oa.  13 

Vi-yligbl. 

Very  .light. 

11.4i 

7,» 

1.80 

6.Y0 

.0003 

Mm 

M 

11.W    Nov.  la 

Nov.  11 

Vrrr  .light. 

Noo.!. 

0.11. 

T.M 

i.ai 

0.05  Loooo'.oiss 

.4T 

.0350      - 

m.    I.«.12 

Dec.  13 

Vcrj  .light. 

Very  .light 

O.,0 

s.ao 

1.20 

T.IO     .«,.T].«Ort 

.40 

.^«       - 

WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Chemical  Examinalion  of  Water  from  the,  W&IU  of  the  Lexiagkm  Water 
Company  —  Concluded. 
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Water  Supply  of  Lincoln. 
Description  of  Works.  —  Population  in  1885,  901.  The  works  are 
owned  by  the  town  and  were  built  in  1874.  The  source  of  supply 
is  Sandy  Pond  in  Lincoln.  Pumps  force  the  water  from  the  pond 
to  an  open  distributing  reservoir.  The  bottom  of  the  reservoir  is 
puddled  with  clay  and  the  slopes  are  paved.  Water  enters  and 
ia  drawn  from  the  reservoir  by  the  same  pipe.  Distributing  mains 
and  service  pipes  are  of  wrought  iron  lined  with  cement.  For  a 
description  of  the  source  of  supply  and  analyses  of  the  water,  see 
Concord. 

Water  Supply  op  Lowell. 
Description  of  Works.  — Population  in  1885,  64,107.  The 
works  are  owned  by  the  city.  Water  was  introduced  id  1872. 
The  average  daily  consumption  in  1888  was  4,981,000  gallons. 
The  source  of  supply  is  the  Merrimack  River  above  the  city  where 
its  waters  are  ponded  by  the  dam  of  the  Locks  and  Canals  Company, 
Water  is  taken  from  the  river  directly  and  is  also  takeii  from  a 
filter-gallery  and  filter-bed  along  the  northern  bank  of  the  river  Id 
the  town  of  Dracut.     The  Merrimack  River  above  the  Pawtucket 
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dam  at  Lowell  has  a  watershed  of  4,097  square  miles,  containing  in 
1880  a  population  of  230,266,  equal  to  56.2  persons  per  square  mile. 
The  cities  and  towns  on  the^  watershed  having  a  population  of  more 
than  10,000  are  as  follows  :  — 

Citj  or  Town.  PopnUitlon. 

Manchester,  N.H.  (1880), 82,630 

Concord,  N.H.  (1880), 13,843 

Nashua,  N.II.  (1880), 13,397 

Fitchburg,  Mass.  (1885), 12,429 

Marlborough,  Mass.  (1885), 10,127 

Total, 82,426 

The  city  of  Nashua  is  situated  on  the  Nashua  River,  at  its  con- 
fluence with  the  Merrimack  River,  and  is  13  miles  above  the  inlet  to 
the  Lowell  Water  Works. 

A  more  complete  description  of  the  Merrimack  Valley  and  the 
conditions  affecting  the  purity  of  the  water  of  the  river  will  be  found 
subsequently  in  the  chapter  relating  to  ''Rivers." 

The  filter-gallery  is  1,300  feet  long,  8  feet  wide  and  8  feet  high, 
and  its  top  inside  is  level  with  the  Pawtucket  dam.  The  sides  are 
of  rubble  masonry  and  the  roof  is  a  brick  arch.  Water  enters  the 
gallery  at  the  bottom,  which  is  covered  with  a  layer  of  coarse  gravel 
one  foot  in  thickness. 

An  additional  amount  of  filtered  water  has  at  times  been  obtained 
from  an  artificial  filter-bed  known  as  the  '*  filter-inlet,"  located  be- 
tween the  filter-gallery  and  the  river.  This  filter-bed  was  built  in 
1876.  Its  bottom  area  is  11,400  square  feet,  and  the  depth  of  the 
filtering  material  is  7  feet,  graded  from  cobblestones  at  the  bottom 
to  fine  sand  at  the  top.  A  system  of  under  drains  collects  the 
filtered  water  and  discharges  it  into  the  filter-gallery.  The  surface 
of  the  filter  is  one  foot  below  the  Pawtucket  dam.  It  is  divided 
into  two  parts,  and  from  the  inner  and  larger  part  the  river  water  can 
be  kept  out  except  at  times  of  freshets.  The  surface  of  the  filter 
becomes  clogged  in  a  short  time,  particularly  during  freshets,  by 
the  deposit  of  mud  and  silt  upon  it ;  consequently  the  amount  of 
filtered  water  obtained  from  it  is  small,  unless  it  is  cleaned  fre- 
quently. Under  ordinary  conditions  the  filter-gallery  and  filter- 
inlet  supply  but  a  very  small  portion  of  the  water  used  by  the  city, 
and  under  the  most  favorable  conditions  the  amount  supplied  is  very 
much  less  than  the  consumption. 
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At  the  lower  end  of  the  filter-gallery,  which  is  1,500  feet  above 
the  Pawtucket  bridge,  is  located  the  inlet  chamber,  into  which  water 
is  drawn  from  the  river  or  filter-gallery  or  both.  Water  is  drawn 
from  the  river  at  a  point  45  feet  from  the  north  bank.  From 
the  inlet  chamber  a  brick  conduit,  4,183  feet  in  length,  conveys  the 
water  to  a  chanil>Gr  known  as  the  Bodwell  gate-house.  From  the 
Bodwell  gate-house  a  30-inch  cast-iron  pipe  conveys  the  water  by 
gravity  to  the  pump  well  at  the  pumping  station,  a  distance  of  about 
6,656  feet,  from  which  it  is  lifted  by  pumps  to  two  distributing 
reservoirs,  one  of  which  is  used  for  low-service  distribution  and  the 
other  for  high  service, 

The  low-service  distributing  raservoiris  520  feet  long,  510  feet 
wide  and  20  feet  deep  at  high  water.  It  is  shaped  like  a  square 
with  two  of  its  corners  cut  off.  At  high-wator  mark  tbo  surface 
covers  an  area  of  5.2  acres,  and  its  capacity  is  30,000,000 
The  bott(»m  ia  of  clay  puddle  one  foot  in  thickness,  and  the  slopes 
are  paved.  The  water  entering  the  reservoir  falls  from  two  to  six 
feet,  and  the  gates  are  so  arranged  that  water  can  be  drawn  from 
any  level. 

The  high-service  distributing  reservoir  is  rectangular  in  shape, 
150  feet  long,  130  feet  wide  and  16  feet  deep  at  high  water.  Its 
capacity  is  1,324,000  gallons.  The  bottom  ia  of  clay  puddle,  and 
the  slopes  ure  paved.  Water  enters  the  reservoir  at  the  middle 
and  is  drawn  from  it  by  the  same  pipe.  Distributing  mains  are  of 
cast  iron  and  soi-vico  pipes  of  wrought  iron  and  of  lead. 

Chemical    Examination    of   Water  from    (he    Merrimack    River    libovc    Lowell 
opposite  the  Inlet  to  the  Lmvell  Water  Works. 
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CAemJcoI  Examination  of  Water  from  the  Low-Sci 
Beienmir,  Lowell — Concluded. 
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Microtoopical  Examination. 
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Wateb  Supply  of  Ludlow. 
Description  of  Works. — Population  in   1885,  1,649.     The  dis- 
tributing Bystem  Ib  owned  by  the  Ludlow  Manufacturing  Company. 
Water  ib  purchased  of  tbe  city  of  Springfield  and  was  introduced  in 
1873.     See  Sprinafidd, 
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Watek  Sdpplt  of  Ltnn. 

Description  of  Workg. — Population  in  1885,  45,867.  The  works 
are  owned  by  the  city  and  _wcre  huilt  in  1871.  The  average  daily 
consumption  in  1888  was  2,475,000  gallons.  The  sources  of  supply 
are  Breed's  Pond,  Birch  Pond,  Hawkes  Brook  and  Penny  Brook; 
two  storage  reservoirs  have  recently  been  built  on  Penny  Brook. 
The  city  has  also  authority  to  take  water  from  the  Saugus  River 
whenever  its  daily  flow  at  Pranker's  Dam  exceeds  twelve  million 
gallons;  but  this  authority  has  never  been  exercised.  The  upper 
reservoir  on  Penny  Brook  is  known  as  Glen  Lewis  Pond  and  the 
lower  one  as  Walden  Pond.  Breed's  Pond  is  in  Lynn ;  the  other 
ponds  and  brooks  are  partially  or  wholly  in  Saugiis. 

Water  from  Birch  and  Breed's  ponds  flows  by  gravity  through 
cast-iron  pipes  to  a  pumping  station,  from  which  it  is  forced  to  a 
distributing  reservoir.  The  pipes  from  the  ponds  hjive  Iieon  con- 
nected at  a  point  near  the  pumping  station,  and  water  can  he  p:issed 
from  one  pond  to  the  other  when  the  pumps  are  not  in  use.  The 
water  of  Hawkes  and  Penny  brooks  is  convoyed  by  a  c^inul  to  the 
inlet  gate-bouse  at  the  upper  end  of  Birch  Pond,  from  which  it 
passes  to  the  outlet  gate-house  through  a  3()-inch  pipe  laid  on  the 
bottom  of  the  pond.  From  the  outlet  givte-house  the  water  passes 
through  the  main  pipe  to  the  pumping  station. 

The  total  length  of  the  main  canal  is  5,906  feet  from  its  junction 
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■with  the  branch  cjiiial  from  Hawkes  Brook  to  the  tunnel  which  con- 
veya  the  water  through  the  divide  to  Birch  Pond.     The  tunnel  is 
1,358  feet  long.     There  is  ii  short  piece  of  brick  conduit  337  feet  in 
length  between  the  tunnel  and  the  inlet  gate-bouae  at  Birch  Pond. 
The  branch  canal  from  Hawkes  Brook  to  the  main  canal  is  3,000 
feet  long  and  the  branch  canal  from  the  lower  dam  on  Penny  Brook 
is  1,240  feet  long.     The  canals  were  built  in  1884. 

The  following  table  gives  statistics  relating  to  the  storage  reser- 
voirs of  the  Lynn  Water  Works  :  — 

^^\Z^^o"r^' 

Wntar 

HurtlMSJ. 
(Ami.) 

Total 

Slurage 

cipiKiir 
or 

ATBXft 

Dcptii 

ar 

■aaBT*. 

^=" 

T^, 

(Ril.  MUM.) 

Bri*d-.  Pond,       . 
Birch  Pond, . 
GlenLt.wt.Poad. 

Wnldon  Fmi,     . 

l.Sl 

0.S2 

1.87 

1S8,0 

2M,000,000 
390,000,000 
10«,000,000 
300,000,000 

MII,1KM,000 
3M.BO0,0Da 
100.100,000 
311,100,000 

».o 
s.s 

W.0 

•  ThI.  !•  tho  mpMlty  of  Iho  R»milr  nbovo  n  pU.n«  9  (eot  abciro  Ihe  bolUiin  Rt  Itis  dkiii. 

Breed's  Pond  is  an  artificial  reservoir  and  was  built  in  1«4G  to 
furnish  water  power  for  a  mill.     It  was  selected  as  a   source  of 
supply  for  Lynn  in  1871,  and  in  1878  the  dam  was  raised  three  feet, 
thus  increasing  the  size  of  the  pond  to  its  present  dimensions.     The 
bottom  of  the  pond  is  muddy,  and  about  one-third  of  its  area  is  leSB 
than  ten  feet  in  depth  at  high  water. 

Birch  Pond  is  an  artificial  reservoir  and  was  built  in  1872.     The 
trees  and  brusli  were  removed  from  the  bottom  and  sides  of  the 
reservoir,  but  it  was  not  otherwise  cleaned.     In  1885  the  height  of 
the  dam  was  increased  about  nine  feet,  and  it  is  now  level  with  the 
dam  of  Breed's  Pond.     The  pond  is  long  and  narrow  with  steep 
and  rocky  shores,  and   the  liottoni  is  nearly  level  throughout  the 
length  of  the  pond,  so  that  there  are  no  considerable  areas  of  shallow 
flowage. 

Glen  Lewis  Pond  and  Walden  Pond  were  filled  for  the  first  tim* 
in  the  latter  part  of  the  year  1889.     The  basins  are  contiguous,  the 
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water  of  Walden  Pond  touching  the  base  of  the  dam  at  Glen  Lewis 
Pond.  The  surface  of  Glen  Lewis  Pond  at  high  water  is  six  feet 
higher  than  the  surface  of  Walden  Pond.  The  bottoms  of  these 
ponds  were  cleared  of  brush  and  wood,  but  the  surface  of  the 
ground  was  not  disturbed  excepting  for  the  purpose  of  obtaining 
material  for  the  construction  of  the  dams. 

The  drainage  areas  of  Birch  and  Breed's  ponds  and  Ilawkes  and 
Penny  brooks  are  contiguous  and  very  similar  in  character  and  con- 
tain very  few  inhabitants.  All  are  hilly,  rocky  and  well  wooded. 
There  is  considerable  swamp  land  on  the  drainage  areas  of  Hawkes 
and  Penny  brooks. 

The  drainage  area  of  Birch  Pond  is  small  in  comparison  with  the 
capacity  of  the  pond,  and  consequently  when  drawn  very  low  in  the 
early  part  of  the  winter  there  is  danger  that  it  will  not  fill  up  again 
before  the  next  summer.  The  water  of  the  canal  will  not  flow  into 
Birch  Pond  by  gravity  when  the  water  in  the  latter  is  above  seven 
feet  in  depth  at  the  dam,  and  in  order  to  fill  Birch  Pond  from  the 
canal  a  pump  has  been  set  up  temporarily  at  the  inlet  gate-house 
and  water  may  be  pumped  from  the  canal  into  Birch  Pond  when 
necessary. 

The  area  of  the  distributing  reservoir  is  5  acres  and  its  depth  at 
high  water  is  15  feet.  It  is  divided  into  two  compartments  by  a 
wall  through  the  middle,  and  its  total  capacity  is  19,500,000  gallons. 
The  bottom  is  covered  with  a  layer  of  clay  puddle  over  which  is  a 
layer  of  small  stones.  The  slopes  are  paved.  Distributing  mains 
and  service  pipes  are  of  wrought  iron  lined  with  cement.  Extensions 
to  the  distributing  mains  are  now  made  with  cast  iron,  and  the 
cement-lined  mains  in  the  business  part  of  the  city  are  being  removed 
and  cast-iron  ones  substituted. 

A  system  of  tubular  wells  was  constructed  in  1880,  and  water  was 
pumped  from  them  into  Breed's  Pond  and  thence  distributed  to  the 
city.  In  the  winter  of  1882-83  the  ponds  did  not  fill  up,  and  the 
water  from  the  tubular  wells  saved  the  city  from  a  water  famine 
during  the  year  1883.  Since  the  construction  of  the  canal  in  1884 
the  wells  have  not  been  used. 
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Ckemieat  Examination  of  Water  from  BretxTi  Pond,  Lynn. 


[Deo. 


D.„„ 

A,.«l««.. 

.=^ 

Aaaoill*. 

K,™,. 

1 

J 

i* 

t 

1 

1 

1 

si 
1» 

1 

i 

|1 

j 

1 

1 

June  21 

■7. 

Vetyilighv. 

Bllgbl. 

O.M 

S.8B  1.4J 

2.M 

.0012 

DIM 

.44 

.. 

. 

>n 

Jnly  31 

July  22 

BUght. 

Sobe. 

n.m 

3.42  1.00 

11.42 

.0000 

018B 

.4.1 

.ooso 

- 

NS 

Ang-EJ 

Aug,  21 

I>t>Uacl. 

Ko™. 

o.« 

8.a  S.10 

a.M 

.0000 

.m 

.» 

.OMO 

in 

Bcpl-lfl 

Sept.  20 

Veryllgbt, 

8ll't,brown 

0.30 

..-0.-30 

a. 40 

.0003 

«> 

.40 

.0000 

- 

10O4 

Oct.  30 

Ocl.  21 

Dlitlnel. 

S]i'l,browD 

o.So 

«.»i   l.» 

l.!A 

.0000 

out 

.U 

-OOW 

1112 

Nov.  21 

Not.  22 

Dlilincl. 

Slight. 

O.70 

a.so  LM 

3.10 

.0004 

m 

.4« 

-oow 

llDl 

Dm.  20 

Dm:.  22 

DliUnct. 

ail'l,e«lbr 

«,I0 

4.26 

l.«0 

i,a 

.0094 

oflafi 

.4S 

-OOBO 

0000 

ISM 

18 

8». 

Dl.ll=ct. 

VsryillgbL 

4.11 

4.4& 

I.eO 

iM 

.0024 

m 

.«« 

-OOM 

IBH 

Feb.  10 

Feb.  18 

Bllgfat. 

Verr.llght 

o.«o 

6M 

l.M 

B.IS 

.am 

.» 

.« 

.0080 

oooo 

3010 

Uu.  19 

MiT.  in 

DiiUnst. 

Very.llght 

O.M 

4.K, 

l.M 

3.80 

■Hint 

0299 

.ea 

.0080 

0001 

IMS 

Apr.  IS 

Apr.  20 

D,.,luet. 

mx  while 

0.40 

a.oi 

1.10 

l.» 

.0001 

0301 

.41 

-oa» 

ooei 

MU 

M.yll 

M.y  IB 

eiighi. 

Slight. 

0.3S 

3.*a 

i.a£ 

3.10 

.0010 

01 T4 

.4! 

.0000 

oooi 

lasa 

'•"""' 

June  20 

DWibot. 

Sin,  green. 

o.oc 

i.oo 

1.10 

1.S0 

.W06 

OIAO 

Giro 

.43 

-tOU 

oooo 

3803 

July  IB 

July  20 

DIHInoL 

811't,  while 

O.TO 

}.» 

1.30 

{.OS 

.0004 

ftJM 

moo 

.41 

.0000 

WOl 

an 

Aug.  IB 

Aug.IJ 

DljUncl. 

811  ■!,  green. 

O.SO 

t.M 

i.oe 

i.w 

.0012 

.42 

.0000 

OCi 

B318 

B.pt,ia 

Sept.  IB 

Blight. 

BUght. 

0.30 

S.3S 

l.lS 

i.M 

,0008 

am 

.40 

.0030 

ooot 

U03 

Oct.   IB 

O...  « 

BUgbt. 

au'i,gtBMi. 

O.M 

l.Sfl 

1.W 

1,10 

.0010 

02S2 
OtN 

.40 

.OOTO 

OOOI 

»ei 

NOT.16 

Nov.  10 

SIlRbt. 

Veryellghl 

O.TO 

a.M 

1.« 

l.*S 

.004" 

Bii 

.41 

.0130 

0001 

sua 

Dm.  11 
J.n.  1* 

D».  12 

.Tm.  10 

eilgbt. 
Slight. 

Bllgbl. 

Vetjellght 

0.O0 

a.«0 

i.ro 

1.0S 

.0020 

.UDUO 

osoo 

0144 

OIH 

eiso 

.41 

.a 

-OWO 

0001 

OOOI 

4aGS 

Feb.  » 

Fob.  31 

Ncoe. 

Verypllght. 

0.»i 

J.IS 

l.iS 

(.«) 

.0041 

» 

.44 

.ooso 

0003 

UM 

Uar.lD 

M.r.31 

Toryllghl 

Blighl. 

0.1W 

8.« 

I.DS 

t.M 

.0002 

lit! 

.40 

.0030 

.0001 

«r 

Apr.  n 

Apr.  IS 

might. 

o.ao 

f.«S 

o.so 

t.4S 

oIm 

.38 

.0030 

.0001 

«STfi 

H.yle 

Mv" 

Blight. 

0.40 

S.IO 

S.I4 

o.ss 

MS 

2.42 

.0019 

^ 

.40 
.4. 

.„»0 

.woo 

from 

■bou 

■nliwH 
U»p.in 
8  tnchn 

n»«.y. 
ne>r  th 
bfoenlh 

t«*.  0.0.    0 
0  gnlehauH 
Ihe  >Drri<ee 

or,  vegetab 
No.  171  « 
For  heigh 

c,  of 

endiN 
uteri 

Qtbl 

hlo 

p«bd 

-The 
thee 

•t  ll» 

U'f»( 

time* 

lea  we 
und 
when 

lieoth 
ump 

enmt 

leiBl 

WATEB  SUPPLY  AND  SEWERAGE. 

ilieroieopiBtU  ExamiwUion. 


.H.«. 

IMMB, 

'"«■ 

JDI, 

ini. 

BcpL 

o«. 

«"■ 

IW, 

J«.. 

F.b. 

Mu.JApr. 

M.7- 

l,Blag.fniniA[K>.         .       .       . 

V 

0.0 

F- 

0.0 

pr. 

O.B 

0.0 

O.0 

0.0 

0.0 

D.U 

0.1 

tOU,«Ale« 

a.D 

0.0 

S.I 

30.8 

I.& 

4.7 

&.i 

S.l 

I.D 

M.3 

12.6 

B.n 

I'Q^sl. 

0.0 

pr. 

0.0 

0.0 

0.0 

0.0 

0.0 

(1.0 

o.u 

U.U 

o.a 

l.iBlm.1  Form. 

pr, 

pr^lO-a 

0.0 

pr. 

0.0 

0.0 

.... 

HO.O 

..- 

0,1 

Oronpi  lad  piinclpil  gnntn  of  orgsnlimi  abHrved:  1.  Cronophyceie.  2.  PilmellBceiB;  Zoo- 
ipiimi  DmuldiucBi  DIuomucB,  AiUrionttla.  TabtllarUi.  3.  SchliomroetM.  1.  ProloiiM,  Dlno- 
it»n,  Prridlnlum  :  BpongUris;  BoUten]  EDlomiMtnu. 
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Chemical  Examination  of  Water  from  Sirch  Pond,  Lynn — Concluded. 
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Mierxuoopical  Examination. 
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Chemical  Examination  of  Waier  from  Penny  Brook,  Lynn  WaUr  Works. 
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Chemical  Exatninaiion  of  IFoier  from  the  Distributing  Jteservoir  of  Ste  Lynn 
Water  Works. 
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Table  showing  HeighU  of  Wattr  in  Birch  and  Brted't  Ponds  at  the  Times  when 
Samples  of  Water  were  eoUeeied  for  Analysis. 
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Microseopical  Examination. 
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LrNNFIELD. 
Chemical  Examination  of  Water  from  Filling's  Pond  in  Lymtfield, 
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Chemieai  Examination  of  WiUer  fnmt  Suniaug  Lake  in  LynnJiOd. 
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Wateb  Supply  of  Malden. 
Description,  of  TToriw.  —Population  in  1885,  16,407.  The  works 
are  owned  by  tlie  city.  The  original  works  were  built  in  1870. 
The  average  daily  consumption  for  the  last  six  months  of  1888  was 
estimated  to  be  about  1,000,000  gallons.  There  are  two  distinct 
sources  of  supply,  —  Spot  Pond  in  Stoneham  and  a  system  of 
tubular  wells  at  Webster  Park  in  Maiden.  The  city  has  also  the 
right  to  take  the  waters  of  Martin's  Pond  in  North  Beading. 
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The  original  source  of  supply  is  Spot  Pond  in  Stoneham.  The 
area  of  this  pond  at  high  water  is  296  acres  and  its  maximum  depth 
is  37  feet;  the  bottom  is  generally  muddy.  There  are  61  acres 
of  the  pond,  nearly  all  of  it  at  one  end,  where  the  water  does  not 
exceed  six  feet  in  depth  when  the  pond  is  full.  The  remaining 
portions  of  the  pond  are  quite  deep  and  the  shores  are  generally 
abrupt.  Its  capacity,  above  a  plane  8  feet  below  high  water,  is 
554,000,000  gallons,  and  above  a  plane  15  feet  below  high  water 
the  capacity  is  837,000,000  gallons.  The  watershed-  of  the  pond, 
by  a  careful  examination  of  the  ground  and  an  estimate  from  the 
new  topographical  map  of  Massachusetts,  is  found  to  be  1,296 
acres,  including  the  area  of  .the  pond.  It  is  generally  very  rocky 
and  covered  with  a  growth  of  wood,  though  it  contains  also  consid- 
erable areas  of  swamp  land.  There  is  one  pond  on  the  watershed, 
known  as  Doleful  Pond,  which  has  an  area  of  about  7.5  acres.  The 
watershed  contains  at  the  present  time  few  inhabitants,  but  the 
village  of  Stoneham,  which  is  located  just  outside  the  watershed,  is 
beginning  to  encroach  upon  it. 

Water  from  Spot  Pond  can  be  supplied  to  the  city  by  gravity, 
but  pumping  is  resorted  to  much  of  the  time  as  the  pressure  of  the 
gravity  supply  is  small.  Distributing  mains  are  of  wrought  iron 
lined  with  cement.  Service  pipes  are  nearly  all  of  lead.  Exten- 
sions of  the  distributing  mains  are  made  with  cast-iron  pipes. 

The  second  source  of  supply  is  a  system  of  tubular  wells  located 
at  Webster  Park,  formerly  known  as  Eaton's  Meadows,  in  Maiden. 
There  are  51  wells  in  all,  sunk  to  rock  at  an  average  depth  of  65 
feet.  The  direct  watershed  supplying  the  wells  was  estimated,  after 
a  careful  examination,  to  be  a  little  less  than  one  square  mile.  The 
•population  on  this  area  is  estimated  to  be  about  2,400.  Some  other 
watersheds,  containing  a  still  larger  area,  probably  contribute  some 
water  to  the  wells.  Pumps  force  the  water  from,  the  wells  to  a 
covered  iron  tank  75  feet  in  diameter  and  35  feet  in  height.  Water 
from  this  system  is  generally  used  for  high-service  distribution,  but 
may  be  supplied  to  any  part  of  the  city.  Distributing  mains  are  of 
cast  iron.     Service  pipes  are  of  lead. 

A  disagreeable  odor  and  taste  in  the  water  of  the  pond  has  been 
complained  of  during  several  years  since  the  works  were  built,  and 
was  very  serious  in  May  and  June,  1887,  but  there  has  been  no 
serious  recurrence  of  this  trouble  since  that  year. 
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The  towns  of  Medforcl  and  Melrose  also  obtain  their  supply  of 
water  from  Spot  Pond,  each  town  being  entitled  to  one-third  of  the 
water  of  the  pond.  For  analyses  of  water  from  Martin's  Pond,  sec 
Iforth  Reading. 


Chemieal  Examination  of  Water  from  Spot  Pond  in  Sloneham. 
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Chemical  Examinalion  of  Water  from  a  Flowing  Tubular  Well  near  Webaier  Park, 
in  Maiden. 
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Watee  Supply  of  Mansfield  Water  Supply  District, 
Mansfield. 
Description  of  Works.  —  Population  of  the  town  of  Afansfield  in 
1885,  2,939.  The  worka  are  owned  by  the  district.  AVater  was 
introduced  in  1888.  The  average  daily  consumption  for  the  tirst 
seven  months  of  1889  was  104,108  gallons,  much  of  the  water  being 
used  by  the  Old  Colony  Railroad.  The  source  of  supply  ia  a  largo 
well  located  in  the  immediate  vicinity  of  some  large  springii  known 
as  the  Gate  Springs,  near  the  Canoe  River  in  Mansfield.  The  well 
is  25  feet  in  diameter  and  20  feet  deep,  lined  with  brick  laid  in 
cement,  and  roofed  over  to  exclude  the  light.  Pumps  force  the 
water  from  the  well  to  an  open  iron  tank  20  feet  in  diameter  and 
103  feet  high.  Distributing  mains  are  of  cast  iron  and  service  pipes 
of  enameled  iron  and  of  lead. 
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the  MuTtsJUld  Water  Works. 
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Water  StrppLY  op  Makblemead. 
Description  of  Works. — Population  in  1885,  7,517.  The  distrib- 
uting system  is  owned  by  the  town.  Water  \s  at  present  supplied 
by  the  Marblehead  AVater  Company  of  Swampscott.  The  town  of 
Marhlehead  has  made  investigations  with  reference  to  Stecuring  an 
independent  supply,  and  has  examined  various  sources,  among  others 
a  ground  wjiter  within  the  limits  of  the  city  of  Salem,  an  analj'sis  of 
which  ia  here  given.  For  a  description  of  the  works  of  the  Marble- 
head  Water  Company  and  analyses  of  the  water,  see  Swampscott. 


Chtmieal  Examination  of  WaUr  from  a  I'ubiilar 
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Water  Supply  op  Marlbokouoh. 
Description  of  Works.  —  Population  in  1885, 10,941.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1883.  The  aver- 
age daily  consumption  in  1888  was  292,400  gallons.  The  source  of 
supply  13  Lake  Williams  in  Marlborough.  The  area  of  the  lake  is 
72  acres  and  its  capacity  is  270,000,000  gallons.  There  is  little 
shallow  flowage  and  the  general  depth  of  the  lake  is  from  ten  to 
twenty-six  feet.  The  bottom  is  muddy.  The  watershed  of  about 
288  acres,  exclusive  of  the  area  of  the  pond,  is  generally  farming  and 
pasture  land.  The  town  has  begun  to  encroach  upon  the  watershed 
of  the  pond,  and  the  population  at  present  within  the  watershed  is 
estimated  to  be  about  200  jwople.  Water  ia  pumped  from  the  lake 
to  an  open  distributing  reservoir  275  feet  long,  230  feet  wide  and  15 
feet  deep  when  full.  The  bottom  of  the  reservoir  is  of  clay  covered 
with  six  inches  of  gravel,  and  the  slopes  are  paved.  Water  ia 
delivered  to  the  reservoir  on  one  side  and  is  drawn  out  at  the  other. 
During  the  summer  season  all  water  pumped  passes  through  the 
distributing  reservoir.  Distributing  mains  are  of  cast  iron  and 
service  pipes  are  of  ivrought  iron  lined  with  cement. 
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Chemicai  EiuminaHon  of  Water  from  Lake  WUliams,  Marlboro 

[I>ut*pirrlOO,IMO.] 
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Chemical  Examihation  of  Water  from  the  Distributing  Beaervoir  of  the 
Marlborough  Water  Works. 
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iHcroKopUxU  Examination. 


ISIW. 

MlRh. 

A,M,. 

Mxy. 

t.  BlugnmiAlo 

0.0 

pr. 

?'■ 

00 

00 

" 

'' 

Qnnipa  uid  prlodpal  BVDBTm  of 


DbHrod:    1.  PkltniUucc;  DUIoruccb.  4.  rmioia*. 


Water  Supply  op  Maynabd. 
Description  of  Works.  —Population  in  1885,  2,703.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  Dccemlwr,  18811. 
The  source  of  supply  is  White  Pond  in  Hudson  and  Stow.  The 
area  of  White  Pond  is  58  J  acres.  The  watershed  is  flat,  sandy  land, 
and  its  limits  are  indefinite  ;  its  area,  exclusive  of  the  pond,  is  esti- 
mated to  be  125  acres.  Water  is  drawn  from  the  pond  by  means  of 
a  long  conduit  of  vitrified  pipe  to  a  pumping  station,  from  which  it 
is  forced  by  pumps  to  a  distributing  reservoir  and  to  the  village. 
The  distributing  reservoir  is  circular  in  shape,  120  feet  in  diameter, 
and  20  feet  in  depth  at  high  water.  The  bottom  is  of  concrete  and 
the  slopes  are  paved  and  cemented.  Distributing  mains  arc  of  cast 
iron ;  service  pipes  are  of  wrought  iron  lined  with  cement. 
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Water  Supply  of  Medford. 

Description  of  Works.  —  Population  in  1885,  9,042.  The  works 
are  owned  by  the  town  and  were  built  in  1870.  There  were  1,998 
families  supplied  in  1888.  The  source  of  supply  is  Spot  Pond  in 
Stonehara,  from  which  water  is  generally  distributed  by  gravity. 
Distributing  mains  are  of  wrought  iron  lined  with  cement.  Service 
pipes  are  of  wrought  iron  lined  with  cement  and  of  galvanized  iron. 
A  small  reservoir  was  built  at  the  pond  in  1883,  into  which  water  is 
pumped  to  supply  the  town  when  the  water  in  the  pond  is  below  the 
top  of  the  inlet  pipe.  For  a  description  of  Spot  Pond  and  analyses 
of  its  water,  see  Maiden. 


Chemical  Examination  of  Water  from  SavilWa  Ice  Pond  in  Medford, 

[Parts  per  100,000.] 


Datk  of 

Al'PBAKANC&. 

Rksidcb  on 
evatoratiom. 

Ammonia. 

• 

1 
g 

NiTBOGBM 
AS 

1 

• 

c 
o 

6 

Exam- 
ination. 

• 

•5 

s 
H 

1 

o 
o 

• 

1 

Loss  on 
Ignition. 

i 

■ 

• 

• 

s 

• 

1 

S 

4«08 

18 

May  20 

89. 

May  21 

SUght. 

Sli't,  red- 
diah  brown. 

0.60 

4.35 

1.55 

2.80 

.0026 

.0304 
.0268 

.82 

.0030 

.0001 

Odor,  vegetable  and  mouldy. The  sample  waa  collected  from  the  pond.    This  examination  wm 

made  with  reference  to  a  proposed  additional  water  supply  for  Medford. 

Microscopical  Examination, 

May,  1889.    1.  Blue-green  algao,  0.0;    2.  Other  algae,  1.7;    3.  Fungi,  pr.;   4.  Animal  forma,  0.2. 
Groups  and  principal  genera  of  organisms  observed:    2.  Palmellaceas ;  2iOoapore»;  Diatomace«. 
3.  Schizomycetes.    4.  Protozoa;  Rotifera. 


Chemical  Examination  of  Water  from  Lower  Mystic  Lake^  a  Tidal  Basing 

in  Medford, 

[Parts  per  100,000.] 
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Sample  No.  428  was  collected  from  about  the  middle  of  the  upper  half  of  the  lake.    No.  420 
ooUeoted  from  the  stream  at  the  first  bridge  below  the  lake.    The  tide  was  running  out  at  tbo  time  the 
sample  waa  collected. 
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Watbe  Sdpply  op  Melbobe. 
Description  of  Works. — Population  in  1885,  6,101.  The  works 
are  owned  by  the  town  and  were  built  in  1870.  The  average  daily 
consumption  during  a  part  of  1887  is  said  to  have  been  430,000 
gallons.  The  source  of -supply  is  Spot  Pond  in  Stonebam.  Water 
was  originally  distributed  by  gravity,  but  in  1886  a  distributing 
reservoir  was  built  and  all  water  is  now  pumped.  The  distributing 
reservoir  is  91  feet  square  on  the  bottom  and  145  feet  square  at  the 
top.  Its  depth  is  17  feet  and  its  capacity  is  1,500,000  gallons. 
Distributing  mains  and  service  pipes  are  of  wrought  iron  lined 
with  cement.  For  a  description  of  Spot  Pond  and  analyses  of  its 
water,  see  Maiden.  The  analyses  given  below  were  from  a  pond  in 
the  village  of  Melrose,  which  has  no  connection  with  the  water 
supply  of  the  town. 

Chemical  Examination  of  Water  from  Ell  Ponil  in  Melrose. 
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Water  Supply  op  Mbthuen. 
Description  of  Works.  — Population  in  1885,  4,507.     The  works 
are  merely  an  extension  of  the  water  works  system  of  the  city  of 
Lawrence,  into  a  portion  of  the  town.     See  Lawrence. 


Wateb  Sopplt  op  Middlbborouoh  Fire  District, 
Middleborouoh. 
Description  of  Works. — Population  of  the  town  of  Middlebor- 
ough  in  1885,  5,163.  The  population  of  the  fire  district  was  cati- 
mnted  to  be  about  2,800  in  1887.  The  works  are  owned  by  the  Fire 
District.  Water  was  introduced  in  1885.  The  average  daily  con- 
sumption in  1888  was  about  90,000  gallons.  The  source  of  supply 
is  a  well  near  the  Nemasket  River  above  the  village  of  Middlebor* 
ough.  The  well  is  26  feet  in  diameter  and  22  feet  deep,  built  of 
stone,  laid  dry,  with  a  lining  of  brick  masonry  12  inches  in  thickness. 
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The  well  is  roofed  over  to  exclude  light.  Fumps  force  the  water  to 
a  covered  iron  tank  situated  on  the  opposite  Bide  of  the  village  from 
the  well,  so  that  while  pumping  the  supply  of  the  village  comes 
from  the  well.  The  tank  is  20  feet  in  diameter  and  103  feet  high, 
and  by  an  arrangement  of  valves  water  enters  the  tank  at  the  top 
and  flows  out  of  it  at  the  bottom.  Distributing  mains  are  of  cast 
iron.     Service  pipes  are  of  wrought  iroD  lined  with  cement. 
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Chemical  Examinalicm  of  Water  from  the  Tank  of  tAe  Middieborough  WaUr  Works. 
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Chemicai  Examination  of  Water  from  the  Nemtuket  River  above  Middteborough.     ■ 

[Part,  per  mteo.]                                                                           J 
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"VVateb  Supplt  of  Middleton. 
Deeeription  of  Works. — Population  in  1885,  899.     The  works 
are  owned  and  operated  by  the  town  of  Danvera  and  form  a  part  of 
the  DaQvers  system.     See  Danvers. 


Water  Supplt  op  Miuvrd  and  Hofedale.  —  Milfosd  Water 
Company. 
Description  of  Works. — Population  of  Milford  (including  Hope- 
dale)  in  1885,  9,343.  The  town  of  Hopedale  was  set  off  from  Mil- 
ford  in  1886.  The  population  of  Hopedale  in  1887  was  estimated 
to  be  about  1,200.  The  works  are  owned  by  the  Milford  Water 
Company  and  were  built  in  1881.  The  average  daily  consumption 
in  1887  w&s  450,000  gallons.  The  sources  of  sup[tly  are  three  wells 
in  Milford  on  the  right  bank  of  Charles  River  above  the  town,  sup- 
plemented in  emergencies  by  water  from  the  river.  The  wells  are 
each  30  feet  in  depth  and  14,  21  and  23  feet  respectively  in  diameter ; 
they  are  connected  and  are  roofed  over  to  exclude  light.  There 
is  a  direct  connection  between  the  well  nearest  the  pumping  station 
and  the  river.  The  company  also  owns  a  storage  reservoir  on  the 
river  above  the  wells.  This  reservoir  is  90  acres  in  area  and  its 
maximum  depth  is  about  25  feet.  Its  drainage  area  is  generally 
woodland  and  is  uninhabited.  The  water  in  the  river  beside  the 
wells  is  kept  at  a  constant  height  by  means  of  a  small  dam.  Water 
ia  pumped  directly  into  the  mains,  no  reservoir  or  tank  being  used. 
Distributing  mains  are  of  cast  iron.     Service  pipes  are  of  lead. 
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Chemical  Examination  of  Waterfront  the  Welh  of  the  Milford  Writer  Company.     1 
(:P«ui«ioo,m]                                                            1 

j 

t,.«or 

.rss,-^ 

^0.,.. 

j 

HiTHKUll          1 

J 

.1 

1 

i 

i 

1 

ii 

1 

1 

ll 

1 

1 

KB 

.J«r. 

siigw. 

eut^eiww. 

0.0 

4.6T 

" 

. 

.0000 

0023 

.11 

„. 

. 

W4 

J«lys* 

July  25 

suiiit. 

Nod.. 

0 

0 

M 

.mm 

0O28 

.ss 

.04« 

- 

SM 

a.p..28 

ecpt.3o 

NOM. 

BU^t 

0 

0 

10 

- 

.0000 

00S4 

.K 

.OBIO 

- 

1432 

Dec.  IB 

D«..7 

Now. 

Sou. 

0 

0 

U 

- 

■•W-™' 

.31 

.0330 

- 

]70l 

Jm.  3U 

S8. 

Jm-    31 

Veryllghl. 

None. 

a 

Q 

3S 

_ 

.0000 '.0017 

.27 

.OMO 

.OOM 

2137 

Mnr.  30 

Unr.  31 

Slight. 

Nene. 

0 

1 

10 

- 

.0000  .OMO 

.JS 

.OSGO 

.0001 

am 

M.,K 

Mnyaa 

Sllgbl. 

None. 

0 

M 

- 

- 

.0000 

DOM 

.as 

.am) 

.OOtt 

Ay. 

- 

.0000 

•OOSl 

.0183 

.0001 

HirdDW  in  l(»j,lB8a.  1A.    Odor,  nij  hlnl  or  bob.. The  umpln  ■.«  eollested  tram  >  hoMi 

In  Ihe  pompliii  itUlon  whUs  pmnplng  wuar  from  Uxi  well*. 

Microscopical  Examirtalion. 

M>rcli,1SB9.    Noorgialim*.    Uv.lSSB.    1.  BlDe-gmnilgB.O.O;  3.  Dlheralgn.pi;  3.  Fongl.CU); 

OroupB>DdpHaclpalgeiier>otorguil>miob>erTed^    2.  DUlonuei^v. 

H                Chemical  ETajainalion  of  Water  from  a  Faucet  at  Sopcdale  supplied  from  the 
■                                                      MQford  Water  Company's  Works. 
B                                                                               [Pirtipn  100,000.1 

h 

«.™o. 

AP-^,™. 

e"''™t.™. 

A„.,».. 

r"-< 

j 

ii 

f 

1 
1 

1 

1 

1 

i 

ls 

s  1  1 

ll 

ITD2   Ju.  " 

M. 

TSoaa. 

Hone. 

0.0 

3.« 

. 

.0000 

.001* 

.37  Low 

.1 

sua    U.r.30 

Mh.  si 

None. 

Nona. 

«.o 

».10 

.0000 

,oo» 

.w  '.oa» 

-I 

Microscopical  Examination.                                              H 

March.  ISM.    NoorgmDJuni.                                                                                                                          ^B 

WATEB  SDPPLY  AND  8EWEBAGE. 


ca«r 

meal  Examiaaiion  of  WaUr  from  the  CAarles  Bioer  at  Milford. 

tPuu  pir  100.0100 

.„.„ 

„.^. 

RUIDt  C  OH 

Anoiu. 

"■■-r- 

1 

j 

iS 

f 

1 

1 

1 

ii 

i 

1 

11 

1 

i 

I 

1 

U31 

D«.  l«|De«.i; 

VajtOtbX. 

V«yril«iL 

l.W      *.» 

1.10 

1.40 

.Mai 

.i>» 

.» 

.WM 

JIM 

Ujir.  aO|M«.3i 

DlltlMl. 

V.ry.n,hi 

o.« 

a.TO 

l.M 

1.10 

.0000 

.uu 

.1. 

.MSO 

.«>» 

HSl 

a*jK 

M-yssiaught. 

Vwydlgbl 

' 

a-oo 

1.3D 

l.IO 

■"" 

■'- 

.1. 

.0030 

.«»> 

1 

1. 40 

l.« 

I.K 

.ooia 

.«m 

.K 

.■oosa 



1 

MicroKopKol  ExamirtaHon. 

lUrcb. H>T> IHR'    1-  Blns-rrHDslgiB.O.D;  1.  Oltuir  algs.pr.;  S.  Fungi, 0.0 'l.  Aalmsl  ronui, 
UrDDp*  UK)  priDdpal  |Hian  o(  orfMiiiDia  abuirsd:    3,  Fabosllu**;  Zo«po»iti  UatooiEo 


Phopo8ed  Wateb  Supply  op  Millbupt. 
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Chemical  Examination  of  Water  from  SingUtary  Pond  in  Millbury. 
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Water  Sopplt  of  the  State  Peimahy  School,  Monson. 
This  is  a  supply  to  a  public  inetitutioa.     The  main  source  of 
supply  is  a  smaH  storage  reservoir  formed  by  a  dam  across  a  ravine 
on  the  side  of  a  hill  about  half  a  mile  west  of  the  school. 

Chcmicat  ExamiruUion  of  Water  from  the  Stortujc  Reservoir  of  the  State  Primary 
School  at  Monson. 
[P.rt.  i«r  i«.,ouo.] 
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Water  Supply  of  Turner's  Falls  Fire  District,  Montague. 
Description  of  Works.  —  Population  of  the  town  of  Montague  in 
1885,  5,629.  The  works  are  owned  by  the  Fire  District.  Water 
was  introduced  in  1887.  The  average  daily  consumption  in  1888 
was  about  228,000  gallons.  The  source  of  supply  is  I^ake  Pleasant, 
located  in  a  sandy  plain  in  Montague.  Its  area  is  45  acres  and  its 
maximum  depth  is  40  feet.  The  bottom  ia  of  gravel.  Water  is 
drawn  from  the  lake  at  a  point  170  feet  from  tho  shore  and  at  a 
depth  of  about  20  feet,  and  is  forced  to  the  distributing  reservoir 
8ud  to  the  village.    The  distributing  reservoir  is  located  on  a  short 
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branch  from  the  luain  pipe  aboat  midway  between  the  lake  aad  the 
village.  The  reservoir  is  shaped  like  an  inverted  frustum  of  a  cone. 
Its  diameter  at  high  water  ie  149  feet  and  at  the  bottom  is  110  feet. 
Its  depth  when  full  is  13  feet  and  its  capacity  1,270,01)0  gallons. 
The  bottom  of  the  reservoir  is  of  concrete  and  the  elopes  are  paved. 
Distributing  mains  are  of  cast  iron.  Service  pipes  are  of  wrought 
iron. 

Chemical  Examxnalion  of  Water  fnm  Lake  Pleasant,  Montague. 


. 

tJ'an 

P,r  l«fli»,l 

D„.o, 

a™^.c. 

BtUDm  01 

„..„.. 

"-;-" 

1 

J 

1^ 

1 

1 

1 

1 

11 

1 

i 

il 

3 

1 

1 

IS 

JUDB     8 

y™n 

Nona. 

N«.a. 

0.M 

2.w'o.8I 

.0023 

.OKS 

.08 

.0000 

. 

«1 

Joly    I 

July    B 

Sll(ht. 

SU't,  brown 

(\M 

3.10  0,00 

1,W 

.00U« 

.OtOO 

.11 

,0000 

48T 

Adb.  B 

Aug.  t 

aughi. 

eilghl. 

0.10 

2.K   1.13 

1,70 

.OOOS 

,0113 

-18 

.0000 

TIB 

S.pl.  t 

B.pl.  > 

Datldod. 

SU'l.bmiHi. 

0.0& 

a.MO.Qi 

1.0S 

.0003 

.OOM 

.00 

.003U 

eoo 

CM.   a 

Oct.   e 

Varyallgbt. 

V=ry.lighl. 

0.00 

S.II)  O.TO 

i.m 

.0000 

.0104 

-07 

.0000 

ISM 

D«.   s 

D«.    S 

DIltiDCt. 

Sll't.  white. 

coo 

a.(o 

4,J0 

l.BO 

.oom 

.0133 

,11 

.Oolo 

IH3 

Jan.    b 

M. 
Jwu    < 

aiigbt. 

VarriUghl 

0.00 

2.0fi 

o.ro 

I.K 

.OOM 

.0130 

.11 

.0080 

.«m 

UK 

Fab.  1* 

Fab.  IS 

Sllibl. 

8llgbt. 

0.00 

I.I5 

CM 

1.M 

.l>S3 

.DOM 

.00 

.OIM  1.0000 

not 

Kir.  le 

Uir.  19 

VaryaHsbl 

NOM. 

0.00 

1.10 

0.40 

1.10 

.003T 

.OOOS 

.00 

OliO 

.WW) 

SIT 

Apr.  13 

Apr.  U 

VarTillgbl. 

Nona. 

0.00 

l.li 

o.w 

l.Oi 

-OOM 

.0040 

.09 

,0180 

.DOM 

U13 

Ulf  11 

Sl»y  H 

Very  tllgbl.  None. 

O.OO 

2.S1S 

0.10 

I.JS 

.OOZl 

.OOM 

-OT 

.0080 

.vm 

an« 

July  11 

July  14 

Vary  .light 

augbi. 

0.00 

in 

a.4g 

1.H 

.OOOO 

ioou 

.DJ 

.0020 

■""■ 

WlJAng.l* 

Apg.lO 

Ndm. 

VarJ.Hgbt 

O.W 

1.M 

CM 

\M 

.0000 

.00T3 

.18 

.00» 

.OttIO 

KI3 

B.pl.18 

8.P1.1B 

Veryillght 

N-™.. 

O.OO 

t.40 

0.H 

1,M 

,0000 

:S 

.11 

.0030 

■— 

Kia 

Om.  U 

on.  IT 

Varyallgbt 

None. 

0.00 

E.ID 

c«o 

LTD 

-oooa 

,on« 
,0041 

.at 

.0080 

■■»" 

UM 

Nov.  a 

NoT.W 

VeryaUght. 

Bona. 

0.00 

MB 

41,60 

I.U 

.ooao 

.OOM 

.mt 

.04 

.0100 

.cmi 

n» 

D«.  1» 

Dm.  E 

Nona. 

Son.. 

0.00 

MO 

0,M 

1.H 

.M04 

:SSiS 

.00 

.0000 

MM 

Jul.  SI 

J».  SJ 

VaiT-Ugbt- 

n™.. 

0.00 

1.U 

{.as 

1.60 

.0000 

.wm 

-10 

.OOMi.OOOO 

.IM 

Vtb.K 

F.b.2T 

Varyallgbl 

VaryaUght 

0.OS 

1.W 

^.4(1 

1.K 

.0018 

,DOO« 

,10 

.0120 '.0000 

MIB 

ltv.3& 

lUr.sa 

Nona. 

TSo«,. 

o.w 

t.« 

J.M 

1.» 

.OOM 

,0040 
,0D3a 

,07 

.0120  .OOOt 

UH 

Apr.M 

Apr.K 

Nop.. 

Nona. 

COG 

l.« 

D.IO 

i.te 

.0008 

Xii 

.10 

.0000  .0001 

" 

■1  ,-,■ 

, 

IT] 

'    ^^^^.j' 

_ 

la  Uka  wu  uld  10  be  U 


enlly  non. 

nsiully  Ughr« 


WATER  SUPPLY  AND   SEWEKAGE. 

Microaeopical  ExaminaCiOTi. 


[Dec. 


IHHS. 

■»«•. 

,„. 

«. 

a^i. 

o». 

Nor. 

^ 

J„. 

Feb. 

Mir. 

Apr. 

1.    BlDt-grMxi  AlgB 

3.    Other  Atgs 

3.  Fongl 

4.  Animal  Forma 

l.I 

:: 

... 

H.O 

- 

0.0 

0.0 

o.s 
0.0 
pr. 

0.0 
p.. 

0.0 

0.0 

0.0 
pr. 

On>ur»>Dc)  principal  genersot  ortulim*  obiened :    2.  rilmelUsoa ;  ZoMporeB;  Ds 
DlslonuaeE.  JfrWru.    3.  SdiliumycoWi.    i.  ProtDitu. 

Chemieal  Examination  of  Water  from  Green  Pnnd,  Montague. 


,,„.„ 

Ar.^a..c.. 

.sss. 

.u...,^ 

i 

"r- 

1 

i 

|i 

1 

1 

1 

1 

•A 

3 
t 

1 

A 

1 

1 

SM 

Jply    7* 
AOK-  « 

Aog.  (t 

a]ie(.i. 

Very  .light 

Nono. 
VBry.Ughl 

... 

I.JO 

0.S6 

0.8S 

.,«l.»„ 

.0001  .0161 

.OB 

.OS 

.0000 

.0000 

Odor,  falmlf  Tiigiiubtn. Tha  iiiniplM  wen  collected  from  Ihe  poi 

high  il  the  tloie  tlH  umplei  vers  collsoUd  oD  Hcoiuit  of  reoent  hoivy  n^u. 

Water  Sufplt  of  Naiiant. 
Dencj-iptinn  of  TForAs.  —  Population  in  1885,637.     The  distrib- 
uting system  is  owned  by  the  town.     Water   ia  supplied   by  the 
Marblehead  Water  Company  of  Swampscott.     ; 


Wateh  Sui'Plv  op  Nantucket.  —  Wan-sacomet  Water  Compant. 
Description  ofWorl;s. — Population  in  1885,  3,142.  The  works 
are  owned  by  the  Wannaconiet  Water  Company  and  were  built  in 
1878.  The  average  daily  consumption  for  1888  was  about  60,000 
gallons.  The  source  of  supply  is  a  small  pond  known  as  Wanna- 
comet  Pond  situated  very  near  tbe  sea,  a  short  distance  west  of  the 
village.  The  surface  of  the  pond  is  about  4  feet  above  ordinary  high 
tide.  The  area  of  the  pond  is  8  acres,  and  its  maximum  depth  is  aboat 
15  feet.  The  bottom  is  sandy  near  the  shores  and  somewhat  muddy 
in  the  mitldle ;  there  is  no  shallow  flowage.  The  drainage  area  is 
not  large  and  is  almost  entirely  pasture  land.  Pumps  force  the  water 
from  the  pond  to  an  open  iron  tank  24  feet  in  diameter  and  15  feet  in 
depth,  which  is  supported  on  cast-iron  posts  27  feet  in  height,  making 
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the  top  of  the  tank  42  feet  above  the  ground.  Distributing  mains 
are  of  cast  iron.     Service  pipes  are  of  lead  and  galvanized  iron. 

Frequently  in  the  early  fall  the  water  of  the  pond  acquires  a 
disagreeable  taate  and  odor.  This  trouble  was  very  marked  in  1884 
and  1889.  An  examination  of  the  water  in  the  latter  year  showed 
the  presence  of  large  numbers  of  blue-green  algffi.  The  grass 
which  grows  on  the  bottom  of  the  pond  has  been  kept  cut  beneath 
the  audace  with  a  view  to  improving  the  quality  of  the  water. 

The  height  of  water  in  Wannacomet  Pond  during  the  time  that 
samples  of  water  were  collected  for  analysis  varied  but  one  foot. 
The  greatest  variation  of  the  height  of  the  water  in  the  pond  is 
about  2^  feet. 
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"Water  Supplt  of  Natick. 
Description  of  TToris.  —  Population  in  1885,  8,4B0.  The  works 
are  owned  by  the  town  and  were  built  in  1874.  The  average  daily 
consumption  in  1888  was  278,000  gallons.  The  source  of  supply  is 
Dug  Pond  in  Natick.  The  pond  has  an  area  of  44J  acres.  The 
watershed  contains  a  comparatively  large  population.  The  brook 
which  is  the  main  feeder  of  the  pond  flows  through  the  village  of 
Natick,  and,  as  the  town  hua  no  system  of  sewerage,  the  brook  is 
necessarily  polluted  by  tlie  teachings  from  cesspools.  Pumps  force 
the  water  from  the  pond  to  an  open  distributing  reservoir  having  a 
capacity  of  3,500,000  gallons.  The  reservoir  ia  situated  at  the 
opposite  side  of  the  town  from  the  pond.  Distributing  mains  and 
service  pipes  are  of  wrought  iron  lined  with  cement. 
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Chemieai  Examittation  of  Water  from  Dug  Pond,  Naliek  —  Concluded. 
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Table  showing  Hdg/Us  of  Water  in  Dug  Pond  at  Times  when  Samples  of  Water 
were  eoUected/or  Anali/si*. 
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Microieopieal  Examination. 
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Needham. 
Chemical  Examination  of  Water  from  Bosemary  Pond. 
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Chemical  Examination  of  Water  from  Springs  in  Needham. 
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Water  Supplt  op  Kew  Bedpokd. 

Description  of  Works.  —  Population  in  1885,  33,393.     The  works 

are  owned  by  the  city.     Water  was  introduced  in  December,  1869. 

The  average  daily  congumption  in  1887   waa  3,360,000  gallons. 

The  source  of  supply  is  a  storage  reservoir  on  the  Acushnet  River 
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in  Acushnet,  supplemented  by  Little  Quittacns  Pond  in  Lakeville. 
The  urea  of  the  storage  reservoir  is  300  acres  and  its  available 
capacity,  above  the  conduit,  is  400,000,000  gallons.  The  bottom  is 
muddy.  The  resei-voir  is  quite  shallow,  the  water  being  not  more 
than  two  feet  in  depth,  at  high  water,  over  about  one-fourth  of  it. 
The  watershed  of  the  reservoir  is  quite  generally  covered  with 
woods,  mostly  of  pine,  oak  and  cedar.  It  contains  very  few 
inhabitants   and   no   factories    or  mills.     Its   area   is   about  3,300 

Little  Quittacas  Pond  was  connected  with  the  storage  reservoir 
in  188G  by  reopening  a  former  natural  outlet  which  had  been  filled 
up.  The  area  of  Little  Quittacas  Pond  is  333  acres  and  the  area 
of  its  watershed  is  said  to  be  1,125  acres.  The  watershed  is  unin- 
habited. 

An  egg-shaped  brick  conduit  four  feet  high  and  three  feet  wide 
carries  the  water  by  gravity  from  the  storage  reservoir  to  the  receiv- 
ing reservoir  in  New  Bedford,  a  distance  of  5|  miles.  The  receiving 
reservoir  has  a  capacity  of  three  million  gallons  and  a  depth  of  12 
feet  when  full.  The  bottom  of  this  reservoir  was  cleared  of  all 
loam  and  vegetable  growth  and  the  slopes  are  paved  over  a  puddling 
of  clay.  From  the  receiving  reservoir  water  is  pumped  to  the 
distributing  reservoir.  The  area  of  this  reservoir  when  full  is  3\ 
acres  and  its  depth  is  17  feet.  It  contains  14,000,000  gallons  of 
water.  The  slopes  of  this  reservoir  are  paved  over  a  puddling  of 
clay  and  the  bottom  is  of  clay. 

An  iron  standpipe  5  feet  in  diameter,  and  rising  to  an  elevation  of 
43  feet  above  high  water  in  the  distributing  reservoir,  was  built  in 
1873  in  connection  with  works  for  supplying  the  high-service 
district. 

There  were  about  52  miles  of  distributing  mains  in  1887,  Of 
this  length  9  miles  were  of  wrought  iron  lined  with  cement  and  the 
remainder  were  of  cast  iron.  Extensions  are  made  with  cast  iron. 
Service  pipes  are  of  lead. 

For  many  years  after  the  works  were  built,  a  disagreeable  taste 
and  odor  in  the  water  was  complained  of  during  the  summer 
months  when  the  temperature  of  the  water  was  highest.  This 
trouble  occurred  annually  until  1886,  hut  has  not  been  noticed  since 
that  year.  The  storage  reservoir  has  been  kept  practically  full 
during  the' past  three  years  by  drawing  water  when  necessary  from 
Little  Quittacas  Pond, 


. 1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


Chemicai  Examtnaiion  of  Water  from  the  OonduU  of  the  New  Bedford 
Water  Work*. 
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Microscopical  Examination. 


Chemical  Jixaminaiion  of  Water  from  a  Faucet  at  Citij  Hall,  New  Bedford. 
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Microgcopical  ExaminoHi/ti. 


W  Water  Supply  of  Newblryport.  —  Newtiuryport  AVateb 
Company. 
Description  of  Workn.  — Population  in  1885,  13,716.  The  worka 
are  owned  by  the  Newburyport  AVater  Company  and  were  built  in 
1881.  The  average  daily  consumption  in  1888  wiis  about  314,000 
gallons.  The  sources  of  supply  are  some  large  aprioga  near  the 
southern  bank  of  the  Merrimack  River  above  the  city.  The  springs 
contributed  most  of  the  water  to  a  small  brook  which  ran  into  the 
Merrimack  River.  A  low  dam  was  built  across  the  estuary  of  this 
brook  near  where  it  entered  the  river,  and  one  suction  pipe  from 
the  pmiiping  station  leads  to  the  small  reservoir  formed  by  the  dam. 
Subsequently  two  wells  were  sunk  not  far  from  the  reservoir,  and 
the  whole  supply  is  now  drawn  from  these  wells.  One  of  the  wells 
is  20  feet  in  diameter  and  18  feet  deep.  The  other  is  smaller. 
Neither  of  the  wells  is  covered.  The  water  is  pumped  to  an  open 
iron  tank  near  the  city,  40  feet  in  diameter  and  35  feet  high.  Dis- 
tributing mains  are  of  wrought  iron  lined  with  cement  and  of  cast 

_iron.     Sen-ice  pipes  are  of  wi-ought  iron  lined  with  cement. 
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Water  Supply  of  Newton. 

Description  of  Works. — Population  in  1885, 19,759.  The  works 
are  owned  by  the  city  and  were  built  in  1876.  The  average  daily 
consumption  in  1888  was  708,000  gallons.  The  source  of  supply  is 
a  filter-basin  on  the  left  bank  of  Charles  River  in  Needham,  near 
Newton  Upper  Falls,  supplemented  by  tubular  wells  on  the  opposite 
side  of  the  river.  There  is  also  a  direct  connection  with  the  river 
for  use  in  an  emergency. 

The  filter-basin  is  1,575  feet  in  length  and  parallel  with  the  river. 
Its  greatest  width  at  the  top  varies  from  70  to  88  feet,  and  its  bottom 
is  about  10  feet  below  the  ordinary  level  of  the  water  in  the  river. 
Between  the  filter-basin  and  the  river  there  is  an  embankment  of 
sufficient  height  to  keep  out  river  water  during  freshets.  Several 
tubular  wells  are  sunk  in  the  bottom  of  the  basin  to  a  depth  of  from 
25  to  35  feet  below  ordinary  water  level  in  the  basin. 

The  tubular  wells  on  the  opposite  side  of  the  river  are  eight  in 
number,  and  water  flows  by  gravity  from  them  into  the  pump  well  at 
the  pumping  station.  Four  of  these  wells  are  each  six  inches  in 
diameter  and  the  others  are  four  inches  in  diameter. 

Much  of  the  water  is  pumped  directly  to  the  consumers,  only  the 
surplus  going  to  a  distributing  reservoir  located  at  the  opposite  end 
of  the  city.  This  reservoir  is  approximately  a  pentagon  in  outline  ; 
its  depth  at  high  water  is  18  feet  and  its  capacity  is  15,000,000 
gallons.  The  bottom  is  of  concrete  6  inches  in  thickness,  and  the 
slopes  are  paved.  Water  enters  the  reservoir  at  one  comer  and  is 
drawn  out  at  the  opposite  side.  Distributing  mains  are  of  cast 
iron.  For  service  pipes  tar-coated  wrought  iron  was  used  origi- 
nally, and  afterward  enameled  iron.  Lead  has  generally  been  used 
since  1885. 

Complaints  of  a  disagreeable  taste  and  odor  in  the  water  have 
been  made,  the  most  serious  trouble  occurring  in  1883.  As  a 
remedy  at  that  time  the  basin  was  drawn  off  in  sections  and  cleaned. 
Since  1883  no  vegetable  growth  has  been  allowed  to  collect  on  the 
bottom  or  sides  of  the  filter-basin,  and  there  have  been  but  few 
complaints  of  the  taste  or  odor  of  the  water. 
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Chemical  ExamineUioji  of  Water  from  the  Filter-Basin  of  the  Newton  Water         I 

Works.                                                                 ■ 
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Chemical  ExaminaUon  of  Water  from  HammoncCs  Pond,  Newton. 
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Water  Supply  of  North  Adams  Fire  District,  North  Adams. 

Description  of  Works.  — Population  of  the  town  in  1885,  12,540. 
Estimated  population  of  the  fire  district,  10,000.  The  works  are 
owned  by  the  fire  district,  and  were  built  in  1861.  The  consump- 
tion of  water  in  summer  is  said  to  be  as  high  as  1,100,000  gallons 
per  day.  The  present  sources  of  supply  are  Notch  Brook,  about 
two  miles  south-westerly  from  the  town,  and  some  tubular  wells  in 
the  town.  The  water  of  the  brook  is  diverted  by  a  low  dam  into 
pipes  leading  to  the  town.  Above  this  dam  the  brook  has  a  very 
steep  and  rocky  drainage  area  of  2.46  square  miles.  On  the  line  of 
the  pipes  leading  to  the  town  two  reservoirs  have  been  built.  The 
first  reservoir,  situated  at  an  elevation  of  about  400  feet  above  the 
town,  is  the  larger  one,  and  is  used  as  a  storage  reservoir.  Its 
shape  is  approximately  rectangular ;  its  area  is  1.75  acres,  and  its 
depth  when  full  is  14  feet.  Its  capacity  is  about  6,000,000  gallons. 
The  bottom  and  the  lower  half  of  the  slopes  are  concreted ;  the 
upper  half  is  paved.  The  second  reservoir  is  nearer  the  town,  at  a 
lower  level,  and  is  used  as  a  distributing  reservoir.  It  is  about  150 
feet  square,  and  contains  9  feet  of  water  when  full.  The  wells,  added 
in  1884  though  not  used  until  1886,  are  said  to  consist  of  two  8-inch 
pipes  sunk  500  feet,  mostly  through  rock,  until  a  seam  of  sandstone 
or  sand  was  reached.  They  are  used  only  when  the  Notch  Brook 
supply  is  insufficient,  as  the  water  from  them  is  very  hard.  These 
wells  are  located  in  a  swampy  district  with  a  large  population  in  and 
about  it.  Distributing  mains  are  of  cast  iron ;  service  pipes  are  of 
wrought  iron,  a  part  of  them  being  galvanized. 

Works  for  obtaining  an  additional  supply  from  Broad  Brook  in 
Pownal,  Vt.,  are  now  nearly  finished. 
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Chemical  Examination  of  W/Uer  from  a  Faucet  in  Xorth  Adams,  supplied  from    1 
Notch  Brook.                                                         J 
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Chemicai  Examination  of  Water  from  Deep  Tubular  Wells,  North  Adamt 
Waler  Works. 
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Chemieal  Examination  of  Water  from  Broad  Brook  in  Pownal,  n..  Proposed 

Source  of  Additioaai  Supply  for  Xorlh  Adams  Fire  District. 
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Wateb  Supplv  op  Kohthampton. 
Description  of  Works. — Population  in  1885,  12,896.  The  works 
are  owned  by  the  city,  and  were  built  in  1871.  Tho  average  daily 
consumption  in  1888  was  estimated  to  be  about  1,093,000  gallons. 
The  source  of  supply  is  Roberta'  Meadow  Brook  in  Northampton 
and  Westhampton,  on  which  two  storage  reservoirs  have  been  built. 
The  dam  which  forms  the  lower  reservoir  was  built  in  1871.  It  was 
rebuilt  in  1879  and  made  two  feet  higher  than  before.  The  original 
area  of  the  reservoir  was  about  3  acres  and  its  capacity  about 
4,000,000  gallons.  The  bottom  of  the  reservoir  was  cleared  of  all 
vegetable  growth,  and,  after  rebuilding  the  dam,  a  considerable 
portion  of  the  bottom  was  excavated  to  a  depth  of  three  to  four  feet. 
The  upper  storage  reservoir  was  built  in  1883,  and  has  a  capacity  of 
16,500,000  gallons.  Its  bottom  was  thoroughly  cleaned  before 
filling.  The  watershed  of  Roberts'  Meadow  Brook  above  the  lower 
storage  reservoir  is  very  hilly,  and  the  soil  is  of  gravel  and  rock. 
About  one-third  of  it  is  wooded,  and  the  remainder  ia  chiefly  pasture 
land.  The  area  of  the  watershed,  estimated  from  the  new  topo- 
graphical map  of  Massachusetts,  is  10.6  square  miles,  and  it  contains 
very  few  inhabitants.  Water  is  distributed  by  gravity.  Distribut- 
ing mains  are  of  cast  iron.  Enameled  iron  is  now  used  for  service 
pipes,  though  cement-lined,  galvanized,  and  tarred  wrought  iron 
have  been  used  in  the  past. 
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Chemical  F.xaminalion  of  Water  from  Che  Upper  Storage  tteitcrvoir  of  the  SortM-  1 
amjilon  IVater  Worku  on  Roberts'  Meadow  Brook.                            M 
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WATER  SUPPLY  AND  SEWERAGE. 


Chemical  Examination  of  Water  from  a  Faucet  at  City  Hall,  Northampton, 
supplied  from  the  Northampton  Water  Works — Concluded. 


„.,..„ 

.......... 

.'s;s:r.. 

Aniuiru. 

i 

»"-•■■ 

1 

j 

a- 

f 

S 

1 

i 

ii 

1 

t 

s* 

II 

imo 

■  AM. 

Vwyllgbl. 

v.tr.iight.  0.M 

4.W 

4.S0 

1;       1 

3.W  ,0000  .00(0 

.„ 

.».l»» 

IRTt 

Feb.  20  Feb.  31 

V.rj.lH(l«..aU'I,*hlt=.|o.l(i 

4.10 

O.BO 

3.:ro  .ooos  .ooTi 

.1)100 

.0000 

2076 

u.r.a)'u«.  a 

Very  allghi.  BU'i,  brown. |  O.IO 

B.U 

o.» 

8.03  ,oooa  .wMa 

.0040 

.0000 

2aaa 

Apr.  IS  Apr.  JO 

Dl.Un«.       8ll'l,«nJ.y.  0.10 

LIS 

1.10    .0001   .0103 

.0. 

.DOftO 

.oooa 

fiUQ 

M.1S1  M.y  2S 

Slight,          Ci>o„«>n)irO.M 
■nd  ilw'i.  I 

a.so 

0.70 

"■•"i-" 

.on 

,0040 

.0000 

Av. 

.-,. 

...7 

...-, 

.Oi»>l 

.»,K. 

,n 

■-■- 

Microscopical  Examination. 


IStM. 

itarch. 

April. 

M.J. 

1    Bl                Al 

00 

•■; 

00 

S.  Olbw  AlgB 

... 

pr. 

J    Anl    ^F 

00 

00 

OroupiDPd  principal  gBDaraatorguiliiiisobMrml:    2.  Piltnelluen ;  DIMomicee.   4.  BpoDgUiU. 


North  Andover. 
Chemical  Examin(Uion  of  Water  from  Great  Pond,  North  Andover. 
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Water  Supply  of  Fire  District  No.  1 .  North  Attleiiohocgh. 
Description  of   Works. — The  estimated   population  of  tbe  tire 
dUtrict  in  1886  was  4,342.     The  total  population  of  Attleboiotigfa 
and  North  Attleborough  in  1885  was  13,175.     North  Attleborough 
was  incoi-porated  aa  a  separate  town  in  1887.     The  works  are  owned 
by  the  fire  district.     Water  was  introduced  in  1884.     The  avei-age 
daily   consumption  in    1888   was  193,500  gallons.     The  source  of 
supply  is  a  large  well  near  the  outlet  of  Whiting's  Mill  Pond  on 
Ten  Mile  River  just  above  the  village  of  North  Attleliorougli.     The 
well  is  30  feet  in  diameter  and  26  feet  deep,  and  is  covered  by  a  roof] 
to  exclude  the  light.     The  walls  arc  of  stone  lined  with  brick  laid  in 
cement,  and  the  bottom  is  of  gravel.     Pumps  force  the  water  to  ai 
covered  iron  tank  40  feet  in  diameter  and  60  feet  in  height.     Dis- 
tributing mains  are  of  cast  iron  ;  service  pipes  are  of  enameled  iron. 

Chemical  ExamxiwUion  of  Water  from  the  Well  of  Che  North  Attleborough 
Water  Works. 
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WATER  SUPPLY  AND  SEWERAGE. 


Chemical  Examination  of  Water  from  the  Well  of  the  North  Attleborough 
Water  TTor^j— Concluded. 
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Chemical  Examination  of  Water  from  the  Tank  of  the  North  Attleborough 
Water  Works. 
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Chemical  Exarninalion  of  WaUr  from  the  Tank  of  the  North  Altlcborougk             1 
Waiar  IKorta— Concluded.                                                  ■ 
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WATER  SUPPLY  AND  SEWERAGE. 


Chemieat  Examirtalion  of  Water  from  the  Ten  Mile  Itiver  at  Xorlh 
AUlcborough  —  Conduded. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec< 


Watee  Supply  op  Nohthborough. 
Description  of  Works.  —  Population  in  1885,  1,883.  The  works 
ave  owned  Iiy  tbe  town,  and  were  built  in  1882.  There  were  nbout 
200  water  takers  in  1887.  The  source  of  supply  is  Cold  Ilarbor 
Brook  in  Shrewsbury,  on  which  a  storage  reservoir  is  built.  The 
area  of  the  reservoir  is  about  9  acres  and  its  capacity  about  30,- 
000,000  gallons.  Its  maximum  depth  is  15  feet.  The  bottom  is> 
muddy,  and  portions  of  the  reservoir  are  quite  shallow.  The  water- 
shed contains  a  very  small  population.  Water  is  distributed  by 
gravity.  Distributing  mains  are  of  wrought  iron  lined  with  cement  j 
service  pipes  arc  of  enameled  iron.  In  1886  and  1^87  there  werfti 
complaints  that  the  water  supplied  to  consumers  had  a  disagreeablo' 
taste  and  odor. 

Chemical  Examination  of  Water  from  a  Faucet  in  Norihborough  supplied  f re 
Dili  Norihborough  Water  Works. 
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WATER  SUPPLY  AND  SEWERAGE. 

Miemoopical  Examination. 
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Wateb  Supply  or  Nobthbbidgb. — Whitin  Machine  Works. 
DeBcription  of  Worke.  —  The  population  of  Uie  town  of  N^orth- 
bridge  in  1885  was  3,786.  The  works  are  owned  by  the  Whitin 
Machine  Company,  and  were  conatructed  in  188!)  to  supply  the 
Tillage  of  Whitinaville,  which  had  a  population  in  1880  of  2,340. 
The  sources  of  supply  are  springs,  the  water  from  which  is  collected 
in  vitrified  drain  pipes  laid  in  trenches  and  covered  with  hroken 
stone,  and,  at  the  top,  with  earth.  The  pipes  conduct  the  water  to  a 
reservoir  74  feet  long,  42  feet  wide  and  10  feet  deep.  The  reservoir 
is  covered  by  a  roof.  Water  is  distributed  by  gravity.  Distributing 
mains  are  of  cast  iron ;  service  pipes  are  of  wrought  iron.  No 
analyses  of  the  water  have  been  made. 
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Water  Supply  of  Norwood. 
Descripdon  of  TFbrAs.— Population  in  1885,  2,921.     The  works 
are  owned  by  the  town.     Water  was  introduced  in  1885.     Trie  aver- 
age daily  consumption  in  1888  was  150,000  gallons.     The  source  of 
supply   is   Bucbmaster   Pond   in  Dedham,  near   the  line   betweea 
Dedhani  and  Norwood.     The  nre.i  of  the  pond  at  high  water  is  29.5 
acres,  and  when  drawn  down  (i  feet  its  area  is  22  acres.     Its  capacity 
is  123,000,000  gallons.     The  maximum  depth  of  the  pond  is  2!)  feet 
at  high  water;   the  average  depth  is  13  feet.     The  bottom  of  the 
pond  is  of  sand  and  gravel  except  at  the  northerly  end,  opposite  tlw 
outlet,  where  there  is  a  layer  of  mud.     The  watershed,  which  has  an' 
area  of  about  250  acres,  is  mainly  wood  and  pasture  land,  and  con- 
tains a  small  population.     The  area  is  somewhat  hilly  and  the  soil  ia 
gi'avelly.     Pumps  force  the  water  from  the  pond  to  an  open  distrib- 
uting reservoir  and  to  the  village.     The  reservoir  is  located  between 
the  pond  and  the  village,  about  500  feet  from  the  main  pipe,  and  is 
connected  with  the  latter  by  a  single  line  of  pipe.     The  dimensions 
of  the  reservoir  are  as  follows :    At  inside  top  of  the  embankment, 
1(11.5  feet  long  and  141.8  feet  wide;  at  the  bottom,  104.5  feet  long 
and  84.8  feet  wide.     At  high-water  mark  it  is  14  feet  deep,  and  its 
capacity  is  about  1,400,000  gallons.     The  bottom  is  covered  with  a 
layer  of  concrete  six  inches  in  thickness,  and  the  slopes  are  pared. 
.  Distributing  mains  are  of  cast  iron.     Service  pipes  are  of  wrought 
iron  coated  with  tar. 

The  town  also  obtained  the  right  to  take  the  waters  of  Foundry 
and  Coleman's  brooks  at  the  time  of  taking  Buckmoster  Poud. 

tPirti  per  lol.OM.J 

, 

DAT!  or 

A.«.«,c.. 

.'i-.S.'SS. 

A...... 

J 

■-I 

j 

1. 

i 
1 

1 

1 

ii 

1 

i 

A 

1 

m 

Ju»  1< 

juir  18 

Aug.  15 

Oct.  IB 
Not.  14 
DccU 

July  IB 
Ang.li 

Oct.  » 
Not.  » 
Doo.  IS 

Sllsht. 

VuryiDgbl. 

S'Ight. 

Slliibl. 
Slight. 
Very»llghl. 

BlJghl. 

Ksds, 

Vcry.H»ht. 
white, 

Sllghl. 

Sll'l,  ivhlto. 

sin.whii.. 

•■» 

I.7S 

.am 

.UOM 

.0M« 

.M 

.sa 

.0000 
.0050 

_ 

_                                                             1 

1889.]  WATER  SUPPLY  AND  SEWERAGE.  261 

C^etnicai  Examination  of  Water  from  Buckmasler  Fond  in  Ikd/tam — Concluded. 


I,...., 

AnuMim. 

Bvir.""oV 

A«<,„.. 

i 
s 

»„. 

."■ 

1 

1 

il 
P 

f 

1 

1 

1 

P 

■i 

1 

|1 

1 

j 

i« 

,, 

MM 

Ju.  13 

J«,  M 

Sllghi. 

Very  .light. 

D.IU 

i.HO 

O.BJ 

l.M 

.DtU 

aoi 

.1. 

.IWW 

owl 

I7W 

FBb.  10 

F<b. 11 

Veryllgh. 

''VltT- 

0.1O 

S.IO 

1.30 

1,*) 

■rrm 

03M 

.0100 

0001 

aom 

M«.  13 

lLir.lt 

Siri,  milky. 

cillKbl. 

0.S) 

a.6» 

a.«5 

l.W 

.0073 

OSiB 

.W 

.0100 

ooot 

xm 

Apt.  la 

Apr.  13 

Docldod. 

Very  .light. 

O.IS 

l.U 

1.00 

l.TO 

(UIB 

,2a 

.0080 

ms 

33M 

u.rio 

lUj-ll 

Dl.Uml. 

Sll-1,  whllo. 

o.ni 

l.V) 

1.00 

».W 

.(»a 

DUS 

.3) 

.0050 

0001 

^ 

Ju«ii 

JU..M 

DUUBct. 

"SST- 

..» 

tM 

0.H 

i.ro 

.0000 

mn 

.2i   .OOM 

'1 

"™ 

xm 

JulT  M 

j»ir  17 

siiahc 

V.fy  .light 

O.lfl 

t,» 

t.K 

i.» 

.«K» 

DfflW 

.OOTO 

00.1 

■m 

S*ipl.W 

SapLll 

BllRht. 

V.ry.llghl. 

O.IO 

t.U 

(I.U 

I.IS 

.0020 

raw 
DtOB 

,21 

.0030 

™ 

SMS 

o«.is 

Od.  10 

HUght. 

^'JS^'.'"^ 

0.10 

tM 

0.10 

I.U 

.WMS 

S 

.M 

-OOOO 

"» 

■uo 

Not.  14 

M. 

Ju.    S 

Slight. 

V.ry.Hi!,l. 

BU^  white. 
V^ry-Ught 

0.10 
0.14 

1.U 

MB 

1,10 

i.» 

.0030 
.DOIS 

OIW 
DtOO 

.JC'.OOM 

il 

ooo. 

»u 

■"-" 

Ju.  16 

VerjiUghi, 

Vtry  flight. 

0.1! 

t.U 

t.U 

i,e 

.ftua 

ms2 
0141 

.30 

.OOTJ 

m. 

1013 

F.h.B 

Fab.  13 

V.ry.lUbt 

Ver>-.llght, 
aanhy. 

0.15 

t.n 

D.ro 

t.to 

.OtBS 

S 

.31 

-olao 

oooa 

*«: 

Uir.  13 

U.r.13 

Very  .light. 

Ve,y.nght 

O.W 

t.U 

o.ra 

1,89 

.0038 

014! 

.m  II 01SJ 

"»' 

*m 

Apr.   « 

Apr.  10 

V«7.1lgbt. 

Ver,.li,l.l 

0.10 

tM 

O.SO 

1.«S 

.Odds 

DIM 

,30  |. 0100 

"• 

imi 

«.r  T 

M.,    8 

Slight. 

Blight. 

0.13 

t.H 

I.DO 

\.ti 

.OOIfl 

iis: 

.20  Loom 

000, 

,.1  1- 

01.11- 

' 

lUnlD.M  la  if  ay,  1M8, 0.0.    Odor,  [ilntly  ngeUUe,  oltaa  moulrly. Th«  umple.  w.t.  oallHted 

from  the  pond.    The  pond  WMXry  law  whgB  Ko.  U0«  vueotlHtsd. 

IBM. 

KM. 

i™. 

Jolj 

a^H. 

°* 

So., 

Ju. 

Ju, 

p.b. 

«.,.JApr. 

>Uy, 

1.  Blac-gr«f  P  AlgVi 

a.  Other  Algas 

8.  FODgl 

pi. 

P'- 

O.0 
0.0 

pi. 

1.8 

p(. 

pr. 

pt. 

0.0 

,„ 

0.0 

0.6 
0.0 

0.0 

0.0 

O.0 

«.o 

pr. 
0.0 

0.0 
O.T 
0.0 

jir. 

0.0 
pr. 

I'i 

QroDp.  .ud  prlnclp.l  gflD.r.  ot  orguiUmi  obeerred:  1.  Cyui'>phjee».  3.  t 
eetau;  Zooepame;  Damldlueie ;  DlitomucBi  AitrrioritUa  ;  Zygn.mKCB  i  Vol 
wjtttta.    1.  Pralou*,^XwiArviffl.iViifln(iim,' Spangtutii  BotUen;  Botomo.ln 


WATER  SUPPLY  AJJD  SEWERAGE. 


[Dec 


Chemical  Exatninaiion  of  Water  from  the  Diatribuling  Seaervoir  of  the  Norufood 
Water  Works. 
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Chemieai  Examination  of  Water  from  a  Faucet  in  Norwood,  supplied  fr<n 
Norwood  Water  Worla. 
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MieroaoQpieal  Examination. 


Water  Supply  op  Oranqe. — N^w  Hohb  Sewing  MACinsE 

COMPAHT. 

Description  of  Works.  —  Population  in  1885,  3,650.  The  works 
are  owned  by  the  New  Home  Sewing  Machine  Company,  and  were 
built  in  1873.  About  100  &milies  were  supplied  in  1887.  The 
source  of  supply  is  a  spring,  the  water  of  which  is  stored  in  two  very 
small  reservoirs.  The  larger  one  has  an  area  of  about  one-fourth  of 
an  acre  and  a  depth  of  8  feet.  Water  flows  from  this  into  the  smaller 
reservoir,  which  is  30  feet  square  and  12  feet  deep.  Water  is  dis- 
tributed by  gravity.  Distributing  mains  are  of  wrought  iron  lined 
with  cement.  Service  pipes  are  of  lead  and  wrought  iron.  In  dry 
weather  this  supply  is  supplemented  by  pumping  from  Miller's  River 
with  a  pump  in  the  works  of  the  Sewing  Machine  Company. 

Oiemical  Examination  of  Water  from  the  Spring  of  the  2f&w  Some  Sewing 
Machine  Company,  Orange. 

[P.n.  prr  IW/XO.) 
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Water  Sitply  op  Palmer  Fire  District,  Palher. — Palues 
Water  Company. 
Description  of  Works.  —  Population  of  the  town  of  Palmer  itt 
1885,  5,923.     The  works  are  oivned  by  the  Palmer  Water  Company, 
and  were  completed  in  18«G.     About  175  families  were  supplied  in 
1887.     The  source  of  supply  ia  a  small  brook  in  Palmer,  on  which 
two  storage  resei-voira  are  built.     The  upper  one  is  the  larger  andl 
has  an  area  of  about  four  acres.     Its  maximum  depth  is  15  feet  and 
its  capacity  is  0,000,000  gallons.     The  lower  reservoir  is   a  very 
short  distance  below  the  upper  one,  and  is  smaller.     Its  area  » 
about  three-fourths  of  an  aero  and  its  capacity  about  2,000,000 
gallons;  its  genenil  depth  is  4  or  5  feet.     The  bottom  and  sides  of 
both  reservoirs  are  covered  with  sand.     The  drainage  area  is  steep 
and  consifits  of  pasture  and  woodland.     Distributing  mains  are  of 
wrought  iron  lined  with  cement.     Service  pipes  are  of  lead. 

Chemical  Examinalion  of  Water  from  a  Faucet  in  Palmer,  supplied  from  lAa 
Works  of  the  Palmer  Water  Company. 
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MicroscopiccU  EzamiruUion, 
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Water  Supply  of  Peabody, 

Description  of  Works.  — Population  in  1885,  9,530.  The  works 
are  owned  by  the  town.  Water  was  first  introduced  in  1799  by  the 
Salem  and  Dan  vers  Aqueduct  Company,  the  supply  at  first  being 
taken  from  springs  and  afterwards  from  Spring  and  Brown's  ponds, 
which  are  the  present  sources.  The  town  of  Peabody  purchased  the 
works  in  1873.  The  average  daily  consumption  from  the  high- 
service  works  in  1888  was  about  688,000  gallons ;  that  from  the 
low-service  works  was  about  300,000  gidlons. 

Brown's  Pond  is  located  in  Peabody.     Spring  Pond  is  in  Pea- 
body  and  Salem.     Both  ponds  are  natural,  and  have  sand  or  gravel 
bottoms.     The  combined  watersheds  of  the  ponds  have  an  area  of 
about  550  acres,  as  estimated  from  the  new  topographical  map  of 
Massachusetts,  and  consist  of  woodland  with  a  little  cultivated  land. 
Xhe  region  is  hilly,  and  contains  but  few  inhabitants.     Water  flows 
from  the  ponds  into  two  small  basins  or  reservoirs,  from  the  lower 
one  of  which  the  supply  for  the  town  is  drawn.     The  town  was 
formerly  supplied  entirely  by  gravity,  but  the  larger  portion  is  now 
supplied  by  pumping.     Water  is  forced  by  the  pumps  to  an  iron 
tank,  open  at  the  top,  60  feet  in  diameter  and  25  feet  in  height. 
Distributing  mains  are  of  wrought  iron  lined  with  cement.     Service 
pipes  are  of  lead.     There  has  been  at  times  a  bad  taste  and  odor  in 
the  water  supplied  to  consmners. 
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Chemical  ExamtTtaiioa  of  Water  from 

Sprf«j7  Pond,  Pwdody. 
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Chemical  Examination  of  Waler  from  the  Lower  Bmin,  Peabody  Water 
Workt — Concl  uded. 
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Water  Scpplt  of  Pittspield  Fike  District,  Pittsfield. 
Demription  of  Worki<,  —  Population  of  the  town  of  Pittsfield  in 
1885,  14,46li.  Tlie  works  are  owned  by  the  Fire  District,  and  were 
built  in  1855.  About  10,000  people  were  supplied  in  1887.  The 
sources  of  supply  are  Sackett  and  Aabiey  brooks,  on  each  of  which 
a  small  reservoir  is  built,  and  Ashley  Lake,  situated  near  the  head  of 
Ashley  Brook,  Ashley  Lake  is  a  natural  pond,  but  its  area  and  stor- 
age capacity  have  been  increased  by  a  dam  at  the  outlet.  Its  present 
area  is  80  acres.  The  watershed  of  tho  lake  is  small  in  comparison 
with  the  storage  capacity,  so  that  if  the  lake  is  drawn  down  to  low- 
water  mark  in  tho  fall  or  winter  it  may  not  always  fill  in  the  sprin; 
Water  flows  from  Ashley  Lake  to  Ashley  ReseiToir  in  the  natural 
channel  of  a  brook,  and  falls  800  feet  in  the  totul  distance,  which  is 
about  ^\  miles.  The  main  pipes  leading  to  the  town  start  from 
Ashley  Reservoir,  and  a  pipe  from  Sackett  Reservoir,  which  is  at  & 
somewhat  greater  elevation,  is  connected  with  these  mainS.  The 
urea  of  the  watershed  of  Ashley  Reservoir  ia  2.82  square  miles  ; 
that  of  Sackett  Reservoir  is  2.57  square  miles,  making  the  total 
watershed  now  supplying  Pittsfield  5.39  Btjuarc  miles.  These  areas 
were  estimated  fiom  the  new  topographical  map  of  Massachusetts. 
The  watei-aheds  are  mountainous  and  uninhabited.  The  main  pipes 
were  originally  of  wrought  iron  lined  with  cement,  but  for  several 
years  cast  iron  has  been  used  for  extensions  and  renewals. 

Chemiivil  Examinatvrn  of  Water  from  Ashley  Lake,  Fittsjield  Water  Workt. 
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Chemieai  Examination  of  WaUr  frorr 

Ashley  Reservoir, 

PUtafield  Water  Works. 
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Cftemiml  Examination  of  Water  from  Saekett  Reservoir,  PUUfield  WiOer  Works. 
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Chemical  Examination  of  Waier  from  a  Faucet,  supplied  from  Sackeit  and  Ashley 
Mevertwn,  PiOtfield  Water  Works. 
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Chemical  Examination  of  Water  from  Lake  Onota,  PUUfitld. 


..,.„ 

„,„„„.. 

Ev*ro«#iniii. 

""- 

1 

„„„ 

1 

1 

l' 

1 

1 

1 

i 

il 
J* 

1 

l' 

i 

1 

gilt 

S.pl."  s'Vt.  1 

V«yrtljhl 

V«T.ll|hl 

0.0 

s.u 

l.« 

t.lt 

.0000 

.01GS 

.03 

.0030 

.0000 

Odor,  Boa*. Tb«  umpl*  wm  oolltcMd  train  llu  sut  dd*  of  tha  I 


Chemical  Examination  of  Water  from  Pontoosuc  Lake,  Pillsfield. 
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Silver  Lake,  Fitttfield. 
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Wateh  Supply  op  Pltmodth. 
Beacripiion  of  VForix.— Population  in  1885,  7,239.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  1855.  The  aver- 
age daily  consumption  in  1887  was  588,500  gallons.  The  sources 
of  supply  are  Great  South,  Little  South  and  Boot  ponds,  located 
south  of  the  Tillage.  The  ponds  are  in  a  line  running  north  and 
south ;  Little  South  Pond  is  nearest  the  village,  and  is  distant  from 
it  about  2\  miles  -,  Boot  Pond  is  farthest  from  the  village,  and  is 
distant  from  it  about  4^  miles.  Water  from  Boot  Pond  flows  into 
Groat  South  Pond,  and  thence  into  Little  South  Pond :  the  latter 
ponds  are  kept  at  the  same  level  by  a  culvert  4  feet  wide  and  2  feet 
high  which  connects  them.  Lout  Pond,  located  about  half  way 
between  Little  South  Pond  and  the  village  of  Plymouth,  is  drawn 
from  in  emergencies.  All  the  ponds  are  natural,  and  have  sandy 
bottoms.  Great  South  Pond  is  the  deepest.  The  areas  of  the  ponds 
are  as  follows :  Great  South  Pond,  275  acres ;  Little  South  Pond, 
125  acres ;  Lout  Pond,  60  acres ;  Boot  Pond,  40  acres.  The  water- 
sheds of  the  ponds  arc  hilly  and  well  wooded,  and  the  soil  is  sandy- 
Water  is  drawn  from  Little  South  Pond  into  a  welt  located  near 
the  shore  of  the  pond,  and  thence  is  conveyed  to  a  pumping  station 
near  Lout  Pond  through  cement-lined  wrought  iron  pipes.  One 
pipe  is  10  inches  and  the  other  16  inches  in  diameter.  The  main 
portioo  of  the  town  is  supplied  by  gravity,  from  the  larger  pipe,  in 
connection  with  the  old  distributing  reservoir  located  west  of  the 
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village.  The  area  of  the  reservoir  is  one-half  an  acre,  its  capacity 
is  1,()00,000  gallons,  and  its  depth  at  high  water  is  18  feet.  The 
bottom  18  of  clay,  and  the  slopes  are  paved. 

Pumps  are  used  in  connection  with  the  new  distributing  reservoir 
to  supply  the  high-service  district.  The  new  reservoir  is  circular 
in  shape,  and  has  an  area  of  one-half  an  acre.  Its  depth  at 
high  water  is  15  feet,  and  its  capacity  is  1,370,000  gallons.  The 
bottom  is  covered  with  a  layer  of  concrete  five  inches  in  thickness. 
The  lower  portion  of  the  slope  is  covered  with  contTete,  and  the 
upper  portion  is  paved.  The  reservoir  is  located  about  600  feet 
from  the  pumping  station  on  a  branch  from  the  main  which  leads  to 
the  town,  and  receives  the  surplus  water  while  pumping.  At  the 
pumping  station  a  branch  from  the  larger  main  from  South  Pond 
runs  to  Lout  Pond,  and  water  may  be  diverted  iuto  Lout  Pond 
when  desired.  The  distributing  mains  and  nearly  all  the  sei-vice 
pipes  are  of  wrought  iron  lined  with  cement. 
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Chemical  Examination  of  Walir  from  Little  South  Pond,  I'li/moulh. 

[■■•ru  per  100,000.] 


.„„ 

— " 

Khidui  o* 
BriFoiinuii. 

...o.,.. 

S 

«* 

1 

1 

i 

! 

1 

1 

i 

It 

1 

1 

A 

j 

1 

SI 
43S 
M 

1057 

July  »  Julf  » 
BIT...2S  a.pi.ss 

0«.  M    Oct.  K 

-±;- 

Feb.  a  :■  Feb.  a 
Ap..  M.Apr.  IT 

^■r  sa,u.r» 

Sllgbl. 

VerjiIIght 
Sllgbl. 

V.r,.ilgW 

aughi.  . 

811,1,1. 

eught. 

None. 
Vary  ■light. 

'':'^,::'.'''' 

SIl'l.whHe 
Blt-I,  white 

None. 

* 

Co 

4 

80 

S.!ft 
S.15 

:= 

-OOM 

.oooi 
.0004 

.0000 

.0141 
.0179 

.0000 

.woo 

z 

I 

At. 

1 

im 

fi  '■ 

,..T 

.ma 

Odor,  faloUf  Tegetkbla. The  omple*  were  eolleeted  from 

Mierotcopical  Examination. 

ApMl,  Mif,  18»g.    1.  Btaa.greenBlfK.O.O;  1.  Othflrklgn,  pr.;  3.  Fungi,  0.0;  4.  Aolmilh 
Group*  and  prlaclpa]  genen  of  orgmnlama  obeerred :    2.  ZooBporeee;  Dlmtonuoeie. 


Chemical  Examination  of  WaUr 

[P^UprriO 

/.or. 

0,000.] 

iou(  PontI,  Plyjiiouth. 

D.„or 

A™«.o. 

E-Jr-^-iv-^o".. 

...o.,.. 

j 

1 

J 

si 

i' 

i 

1 

1 

1 

i 

1 

1 

si 

1 

1 

1                IM 

220   JuneW 
*37  '  July  2S 

Si;    Sept.  K 

1068  |0«.  M 

June  DO 
JolyM 
SepLM 

Oct.  T. 
Nov.  50 

Apr.n 

Slight. 
Veryillghl 

Very  .light 

Blight. 

Blight. 
Blight. 

None. 
Very.llghl 

Slight. 
Blight. 

Ve^^Jllgh. 

Birt.flBrtby 

a.  40 

0.30 
fl.M 

z 

o.eo 

l.OO 

.ooos 

.OOM 

.DKU 

.0004 

.0000 

.oooi 

.016? 

.OMO 

.0001 

"■" 

..78 

O.SS 

■■» 

.oooi 

Am 

li  (^_^ 

Hardixn*  In  U*f.  1888,0 


talotly  veggtablg. Th«  eomplee  were  coUeotad  Innn  tha  pond 


274  WATER  SUPPLY  AND   SEWERAGE.  [Dec. 

Microsropkal  Examinalion. 

April.isas.  1.  Ithie-grBcniiljiK,  0.1);  2.  Olher^gjo,  pr ;  a.  Fuogi,  O.U;  4.  Anlnul  (orrai,  pr. 
Ukj-.WSS.  1.  Bliie.|(r«u»ls»,0.O;  2.  Olh»r .Ig*.  pr-i  S.  Fi.ng!,  U.O;  t.  AniniKl  fo™.,0.0, 
GroQiitAQct  priULlpal  gc^aoraor  [ir«anl"°>'^1'>i!rv«l:    2.  DI>LDiii>i:e».    4.  Ptoloiu. 

Provincetown. 
The  analyses  given  below  were  made  at  a  time  when  investiga- 
tions weie  in  progreae  with  reference  to  a  public  water  supply  for 
Provincetown. 


Ckemical  Ezaminalion  of  Water  from  Clapp's  and  Shank  Pairiier  Pondi, 
Profincetoum. 
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HardneM  of  4075, 1.7 ;  of  4300, 1.8 ;  of  4310, 1.6;  of  4311,  4.2.  Some  of  these  waters  when  received  at 
the  laboratory  had  a  dUtilnct  odor  of  sulphuretted  or  carburetted  hydrogen.    When  first  drawn  from  the 

ptMmd  the  odor  was  very  strong. Samples  4076  and  4405  were  collected  from  a  tubular  well  near 

High  Pole  Hill.  No.  4075  was  drawn  from  22  feet  below  the  level  of  the  ground  and  6  feet  below  the 
water  table.  No.  4405  was  drawn  from  44  feet  beneath  the  surface  of  the  ground  and  23  feet  below 
the  water  table.  No.  4309  was  collected  from  a  tubular  well  near  the  southerly  shore  of  Clapp's  Pond. 
Water  was  drawn  from  about  14  feet  beneath  the  surface  of  the  ground.  No.  4310  was  alHo  from  a  tubular 
well  near  the  southerly  shore  of  Clapp's  Pond.  Water  was  drawn  from  a  depth  of  22  feet  below  the 
surface.    No.  4311  was  collected  Arom  a  private  tabular  well  in  the  west  part  of  the  village.    No.  4406 

collected  from  a  well  17  feet  deep,  16  feet  below  the  water  table,  near  BCrs.  Cook's  cranberry  bog. 

Microscopical  Examination, 

No  organisms  were  found  In  any  of  these  samples. 


Water  Supply  of  Quincy.  —  Quincy  Water  Company. 

Desa'iptiqn  of  Works.  — Population  in  1885,  12,145.  The  works 
are  owned  by  the  Quincy  Water  Company.  Water  was  introduced  in 
1884.  The  average 'daily  consumption  in  1888  was  about  452,000 
gallons.  The  sources  of  supply  are  two  large  wells  in  the  valley  of 
Town  Brook  near  the  Old  Colony  Railroad,  about  2,000  feet  south 
of  Quincy  Adams  Station,  and  a  storage  reservoir  on  Town  Brook 
about  1^  miles  above  the  wells.  Previous  to  the  construction  of  the 
storage  reservoir,  water  was  drawn  through  a  coarse  gravel  filter 
from  Town  Brook  opposite  the  wells,  when  the  supply  from  the 
wells  was  insufficient. 

The  wells  are  two  in  number.  One  is  30  feet  in  diameter  and  22 
feet  deep ;  the  second  is  32  feet  in  diameter  and  27  feet  deep. 
Each  is  built  of  brick  and  covered.  The  filter  near  the  wells  con- 
sisted of  16  pipes  laid  in  four  tiers  in  a  trench  and  embedded  in 
coarse  gravel.  The  quantity  of  water  entering  the  wells  by  natural 
filtration  is  too  small  to  furnish  a  sufficient  supply  for  the  city,  and 
during  the  period  covered  by  the  analyses  given  below  it  was  fre- 
quently necessary  to  admit  the  imperfectly  filtered*  brook  water 
into  the  wells.  For  this  reason  the  analyses  of  water  taken  from 
the  wells  vary  greatly  from  time  to  time. 

The  storage  reservoir  was  constructed  in  1888.  Its  area  is  46 
acres  and  its  capacity  is  180,000,000  gallons  ;  the  average  depth  is 
12  feet  and  the  maximum  depth  about  30  feet.  The  watershed  above 
the  dam  has  an  area  of  991  acres  and  contains  considerable  meadow 
and  swamp  land,,  but  the  outer  portions  are  steep  and  rocky.  There 
are  very  few  inhabitants  on  this  watershed.  The  watershed  of  Town 
Brook  between  the  reservoir  and  the  wells  contains  a  large  popu- 
lation, and  the  population  is  rapidly  increasing  in  the  vicinity  of  the 
wells. 


*  The  term  **  Imperfectly  filtered  "  should  rot  be  understood  to  mean  that  the  water  was  not 
thoroughly  strained,  but  rather  that  it  had  not  undergone  all  of  the  changee  in  chemical  composition 
which  may  be  produced  by  very  slow  filtration  through  sand  or  gravel  under  favorable  circumstances. 
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[Dec. 


Pumps  force  the  water  from  the  wells  or  storage  reservoir  to  an 
open  iron  tank  35  feet  in  diameter  and  60  feet  in  height.  Water 
from  the  storage  reservoir  is  conveyed  to  the  pumping  etation 
through  a  cast-iron  pipe.  The  main  pipes  are  of  wrought  iron, 
coated  first  with  a  metallic  composition  known  as  "  kalamein,"  and 
then  with  tar.  Wrought  iron,  some  of  it  galvanized,  was  fonnerly 
used  for  service  pipes,  but  lead  is  now  used. 
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Chenticai  Examination  of  Water  from  Town  Brook  above  the  Storaye  1 
the  Qiiincy  Water  Company. 


Dtnov 

A,,.-«c. 

^=iS. 

.-.OK.. 

"r" 

1 

i 

il 

f 

! 

1 

1 

P 

t 

i 

r 

j 

1 

1 

1«M 

Oct.  S7 

0(l.   M 

BllgU. 

9U-t,bro»n 

o.» 

8.» 

l.M 

..J.™ 

.am 

.» 

.oon 

SIH 

IXov" 

r„.. 

Blight. 

JU-I.  brown 

• 

»o 

4.« 

I.40 

tM' 

.Obu 

.AIM 

.» 

.ODSO 

.»» 

sna 

s«..t: 

Sov.SS 

eiigbi. 

C^n..wrUiy 
and  flofl't 

0 

» 

S.M 

l.m 

t.Bl 

.0000 

:a 

.84 

,00* 

"» 

300B 

Dec.  ID 

W. 

Jm..  w 

ViryiUght. 
None. 

nod  !loc< 
Vorj.llgbl 

0 

40 

3.31 

3.40 

e.u 

i 

.CO06 

.■MM 

.does 

.» 

.™o 

00«t 

4182 

Fflb.  n 

««.  1 

V-.y.ll<hi 

Veryllght 

" 

10 

t.W 

o.u 

9.30 

.0000 

.«0M 
.00« 

■" 

-OlSO 

ml 

■4434 

Itar.  M 

«„.» 

rtllgbl. 

CoiMld-ble. 

" 

« 

).40   1.1S 

t.ts 

.W13 

!ni4a 

.il 

■«™ 

m. 

■ut: 

Apr.  as 

Apr.W 

Verri^Khl 

CotuWblB. 

1 

10 

1.*) 

l.U 

».IS 

.0006 

s 

.47 

.ooso 

•™ 

■*'" 

M.yM 

M.y3S 

Very  •light. 

CoMld-bl.. 

3 

H 

Mfl 

4.« 

— 
1.49 

I.H 

.oMa 

.MTU 

... 

.OUM 

WW 

, 

t.l4 

(.15 

.0004 

.ij 

-owe 

nwi 

Odor,  fKlally  vegsIablB  or  grui 


h«  uoplei  wtrc  collected  Irom  Ibe  I 
WH  collected  nesr  the  locatloo  of  Ihe 
■t  bI ler  &  verr  tuax)  itcmii. 


Microscopical  Examination. 


t»m. 

so. 

Kov.|l>cc 

Jin. 

r..W 

.\pr.  Mv. 

1.  BlaB-jr«nAlg* 

0.0 

0.0 

O.0 

0.0 

g 

pr. 

0.0 

a.  OlherAlg^f 

pr. 

0.1 

o.a 

o.a 

3.0 

10. 

i.a 

0.. 

3.  Fungi 

4.0 

o-o 

0.0 

0.0 

0.0 

0. 

lo.o 

0.O 

4.Aolm.iForm 

1.2 

O.I 

pr. 

"-" 

O.B 

0. 

0.0  1  0.1 

"WATER  SUPPLY  AND  SEWERAGE. 


Chemical  ExamijiOlion  of  Win 
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Water  Supply  of  RANDOLPn  and  Holbrook. 
Description  of  WbrlcM.  —  Populiitioo  in  188.5,  Randolph,  3,807  ; 
Holbrook,  2,334  ;  total,  lJ,151.  Tho  main  works  are  owned  jointly 
by  the  towns  of  Randolph  and  Holbrook,  but  each  town  owns  and 
controls  its  distributing  system.  Water  was  introduced  in  1888. 
The  average  daily  oonmimption  tor  the  ten  months  from  Oct.  1, 
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1888,  to  Aug.  1,  1889,  was  118,713  gallona.  The  source  of  supply 
is  Great  Pond  in  Randolph  and  Braintree.  The  surface  of  the  pond 
has  been  raised  IJ  feet  above  its  natural  level  by  a  dam  built  many 
years  ago  at  the  outlet.  Its  area  is  130  acres  and  its  maximum 
depth  22  feet.  The  larger  part  of  the  pond  is  free  from  shallow 
places,  and  its  general  depth  is  about  11  feet.  There  is,  however,  a 
large  area  of  meadow  land  at  the  southern  end  which  is  over- 
flowed when  the  pond  is  full.  The  bottom  of  the  pond  is  sandy 
and  gravelly  around  the  shores  and  muddy  in  the  deeper  portions- 
Ita  drainage  area  of  3.44  square  miles  contains  a  portion  of  the 
village  of  Randolph  and  a  large  amount  of  swamp  and  meadow 
land.  Pumps  force  the  water  from  the  pond  to  two  open  iron  tanks, 
one  in  each  town.  The  Randolph  tank  is  30  feet  in  diameter  and 
125  feet  in  height.  The  Holbrook  tank  is  30  feet  in  diameter 
and  112  feet  in  height.  Distributing  mains  are  of  cast  iron. 
iService  pipes  are  of  wrought  iron  lined  with  cement. 


Chemical  Examination  of  Water  from  Oreal  Pond,  Randolph. 
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Water  Supply  of  Revere  and  Winthrop. — Revere  Water 

Company. 

Description  of  Works. — Population  in  1885,  Revere,  3,637  ;  Win- 
throp, 1,370  ;  total,  5,007.  In  addition  to  the  permanent  population 
there  is  a  very  large  summer  population  at  the  beaches.  The  works 
are  owned  by  the  Revere  Water  Company,  and  were  built  in  1884. 
The  average  daily  consumption  in  1888  was  361,489  gallons.  The 
sources  of  supply  are  two  large  wells,  in  the  bottoms  of  which  tubular 
wells  are  sunk,  and  a  large  number  of  two-inch  tubular  wells  in  three 
groups  locate^  several  hundred  feet  from  the  main  wells.  The 
wells  are  located  in  the  valley  of  a  small  brook  about  one-fourth 
of  a  mile  from  salt  marshes,  and  about  one  mile  from  the  sea- 
shore at  Revere  Beach ;  they  are  sunk  through  clay  to  a  gravel 
stratum  which  is  reached  at  a  depth  of  from  50  to  70  feet  beneath 
the  surface.  Well  No.  1  is  30  feet  in  diameter  and  20  feet  in  depth. 
Three  6-inch  and  two  2-inch  tubular  wells  have  been  sunk  in  the 
bottom  of  this  well.  Well  No.  2  is  40  feet  in  diameter  and  20  feet 
in  depth.  At  the  bottom  is  a  smaller  well,  8  feet  in  diameter  and  30 
feet  in  depth,  and  around  this  smaller  well  are  eight  2-inch  tubular 
-wells.  The  tubular  wells,  in  the  three  groups,  are  connected  with  an 
auxiliary  engine  which  pumps  water  from  them  into  the  large  wells, 
from  which  it  is  pumped  by  the  main  engine  into  the  distributing 
system,  the  surplus  water  going  to  an  open  distributing  reservoir. 
The  area  of  the  superficial  watershed  of  the  brook,  at  a  point  near  the 
wells,  is  430  acres,  and  it  contains  a  population  of  about  600.  The 
amount  of  water  pumped  in  1888  is  equivalent  to  a  depth  of  11.3 
inches  on  the  superficial  watershed.  The  rainfall  in  this  vicinity  in 
1888  was  about  60  inches.  The  distributing  reservoir  is  236  feet 
long,  194  feet  wide  and  20  feet  deep;  its  capacity  is  1,500,000 
gallons.  The  bottom  is  of  clay,  and  the  slopes  are  paved.  Distribut- 
ing mains  and  service  pipes  are  of  wrought  iron  lined  with  cement. 
The  Revere  Water  Company  obtained  the  right  in  1889  to  take  an 
additional  supply  of  water  from  Crystal  Brook  in  Saugus.  *  For  an 
analysis  of  the  water  of  this  brook,  see  Saugus. 
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Chemical  Examination  of  Water  /rom  (he  ITc/fa  of  the  Severe  Water  Company. 
ivt,n%  iKr  100,000.: 
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liicrotmpicat  Exammation. 
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Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Severe 
Water  Company. 
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Chemical  Examination  of  Water  from  the  Distributing  Beaervoir  of  Uk  Severe 
Water  Company — Concluded. 
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Microscopical  Examination. 
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Chemical  Examination  of  Wainr  front  a  Faucet  in  Winthrop  supplied  from  UU 
Works  of  the  Severe  Water  Company. 

[Pint  per  100  jno,] 
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Water  Scpplt  of  Richmond  Ihon  Wobks,  Richmosd. 
This  is  s  small  supply  introduced  by  a  manufacturlDg  company  for 
tte  purpose  of  furnishing  water  to  its  employees.  The  source  of 
anpply  is  a  small  reservoir  on  Center  Brook.  The  reservoir  has  an 
area  of  half  an  acre  and  a  depth  of  10  feet.  The  bottom  is  of  gravel. 
^'ater  is  distributed  by  gravity.  Distributing  mains  are  of  cast 
>>xiQ.     Service  pipes  are  of  galvanized  iron. 


Water  froni  a  Faucet  i 
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Water  Supply  of  Rockland. 
"^This  town  ia  supplied  jointly  with  Abington.     See  Ahington. 


Water  Supply  of  Salem. 

J)escnption  of  Works.  — Popuktion  in  1885,  28,090.     The  works 

a^^  owned  by  the  city.     Water  was   introduced  Dec.    25,   1868, 

"Previous  to  that  dote  the  city  was  supplied  by  the  Salem  and 

I>anver3    Aqueduct    Company,    water    being    introduced    by   this 

corporation   in   1799.      The   average   daily   consumption    in    1888 

I  Was  2,106,000  gallons.  The  source  of  supply  is  Wenhani  Lake 
in  Beverly  and  Wenham.  The  area  of  the  lake  is  320  acres, 
and  its  maximum  depth  is  47  feet.  The  bottom  is  of  gravel  and 
sand.  The  natural  surface  of  the  lake  has  been  raised  two  feet  by 
a  dam  at  the  outlet.  The  watershed  of  1,716  acres  consists  of  low, 
gravelly  and  sandy  hills,  slightly  wooded,  but  generally  devoted  to 
pasturage  or  cultivation.  It  contains  a  considerable  population,  but 
there  are  very  few  inhabitants  in  the  vicinity  of  the  lake.  Pumps 
force  the  water  from  the  lake  to  a  distributing  reservoir  situated 
about  one  mile  south  of  the  lake,  between  it  and  the  city  of 
Salem.  By  an  arrangement  of  self-acting  valves  nearly  all  the 
water  passes  around  the  reservoir  directly  to  the  city ;  but,  when 
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the  amouDt  of  water  pumped  is  in  excess  of  the  consumption,  1 
surplus  goes  to  the  reservoir.  The  reservoir  is  400  fectsr|uared 
the  top  iiud  20  feet  deep  at  high  water ;  its  eapaoity  is  2O,OO0,0( 
gallons.  The  bottom  ia  covered  with  gravel,  and  the  slopes  a 
paved.  The  force-main  from  the  pumping  station  to  the  wstt 
voir,  and  the  main  from  the  reservoir  to  the  city,  are  of  cast  iro^ 
The  distributing  mains  are  nearly  all  of  wrought  iron  Hoed  wid 
cement,  a  few  being  of  cast  iron.  Service  pipes  are  of  galvanize 
iron.  Water  was  supplied  from  the  Salem  works  to  the  town  of 
Beverly  until  Oct.  1,  1887,  when  the  latter  town  completed  i 
pendent  works  from  Wenham  Lake. 
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Chemical  Examinaiioa  of  Water  from  Wenhatn  Lake,  Salem  Wnler  Works — Con, 
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Microscopical  Exwuiinalion. 
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Chemical  Examination  of  Water  from  the  Distributing  Eeaervoir  of  the  Salem 
WiUer  Works. 

[Paru  per  100,000] 
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Microscopical  Examination. 
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Water  Supply  op  Sauqus. 

Population  in  1885,  2,855.  The  distributing  system  is  owned  by 
the  town.  Water  is  supplied  by  the  city  of  Lynn,  and  was  intro- 
duced in  1878.     See  Lynn. 

The  following  analyses  were  made  during  investigations  for  an 
additional  water  supply  for  the  Revere  Water  Company. 
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Chemical  Examination  of  Water  from  Ciystai  Brook  in  Bangui. 
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Water  Supplt  of  Sharon.  —  Sharon  Water  Company. 
Description  of  Works,  —  Population  in  1885,  1,328.  The  works 
are  owned  by  the  Sharon  Water  Company,  and  were  built  in  1885, 
The  average  daily  consumption  in  1888  was  50,600  gallons.  The 
scarce  of  supply  is  a  well  1<>  feet  in  diameter  and  16  feet  deep,  near 
Beaver  Brook,  a  short  distance  from  the  Sharon  Station  on  the 
Providence  Division  of  the  Old  Colony  Railroad.  Pumps  force  the 
water  from  the  well  to  an  open  iron  tank  20  feet  in  diameter  and 
80  feet  in  height.  The  inlet  pipe  extends  4  feet  above  the  top  of 
the  tank.  Water  is  drawn  out  at  the  bottom.  The  tank  is  situated 
between  the  pumping  station  and  the  village,  and  all  water  pumped 
to  the  village  passes  through  it.  Distributing  mains  are  of  cast 
iron.     Service  pipes  are  nearly  all  of  lead,  a  few  being  of  iron. 
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Chemical  Exammatioa  of  Water  from  the  Well  of  the  Sharon  Waltr  C<mtpany.        ■ 
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Water  Scpplt  op  Shelbcrne. 

Description  of  Warka.  —  Population  in  1885,  1,614.  Tbe  town 
is  supplied  with  spring  water  from  the  hills  about  tho  town  by  sev- 
eral small  aqueduct  companies.  Two  of  these  companies  supply  40 
to  50  families  each  in  the  village  of  Shelbume  Falls.  The  Covelt 
Aqueduct  Company  is  one  of  the  principal  companies,  and  first  intro- 
duced water  in  1885.  The  source  of  supply  is  a  spring,  and  water 
is  distributed  by  gravity.  Tbe  distributing  mains  and  service  pipes 
are  of  wrought  iron. 

"Water  Supply  of  the  Reforhatort  Prison  for  "Women  at 

SlIERBORN. 

This  is  a  supply  to  a  public  institution,  which  has  a  population  of 
about  250  people.  The  source  of  supply  is  Waushakum  Pond  in 
Framingham.  Water  flows  by  gravity  to  a  pump-well  near  the 
prison,  and  thence  is  pumped  to  an  iron  tank  10  feet  square  and  8 
feet  in  depth  in  the  prison.  This  pond  is  within  the  drainage  area 
of  Lake  Cocbituate,  and  therefore  contributes  to  the  water  supply 
of  Boston. 


Chemical  Examination  of  Water  from  a  Faucet  at  the  Reformatory  Prison  for 
Women,  Sherborn,  supplied  from  Waushakum  Pond. 
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Cheviieal  Examination  of  Water  from  a  Faucet  at  the  Rfformatory  Prison  for 
Women,  Bhcrburn,  supplied  from  Waushaktim  /*ond— Concluded. 
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MieroKcopical  Eiaminiilio. 
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Water  Supply  op  SosrEiiviLLE. 
Description  of  Worh.  — Population  in  1885,  29,971.  The  dis- 
tributing system  is  owned  by  the  city.  Water  was  introduced  in 
1867,  The  source  of  supply  is  Upper  Mystic  Lake.  For  a  descrip- 
tion of  the  source  of  supply  and  analyses  of  the  n'ater,  see  Boston, 
Mystic  Works. 


J.] 


WATER  SUPPLY  AND  SEWERAGE. 


293 


Water  Supply  of  Southbrii>gb.  —  SonTHBBiDOE  Wateb 

COMPANT. 

Description  of  Works,  —  Population  in  1885,  6,500.  The  worka 
are  owned  by  the  Southbridge  Water  Company,  and  were  built  in 
1880.  About  100  families  were  Bupplied  in  1887.  The  source  of 
supply  is  a  reservoir  on  a  small  brook  in  Southbridge.  The  area  of 
tJiis  reservoir  is  about  five  acres.  Portions  of  it  are  very  shallow, 
and  the  bottom  is  generally  muddy.  The  watershed  is  said  to  con- 
tain about  200  acres,  and  consists  mostly  of  pasture  and  woodland. 
"Water  ia  distributed  by  gravity.  Distributing  mains  are  of  cast 
iron.     Service  pipes  are  of  wrought  iron  coated  with  tar. 

Chemical  ExamitttUion  of  Waler  from  a  Drinking  Fountain  in  Southbridge, 
tuppiied  Jnm  the  Works  of  the  Southbridge  Wnter  Company. 
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Chemical  Examination  of  Water  from  a  Drinking  Fountain  in  Southliridge, 
»upplied  from  the  Works  of  the  Bouthbridge  Water  Cimipang  —  Conduded. 
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Water  Supply  of  Sourn  Hadley  Falls  Fire  District, 
South  Hadley. 
Description  of  Works. — Population  of  the  town  of  South  Hadley 
in  1885,  3,949.  The  works  are  owned  by  the  Fire  District,  and 
were  built  in  1872.  About  500  families  were  supplied  iu  1887. 
The  source  of  supply  is  Buttery  Brook  in  South  Hadley,  on  which 
a  small  reservoir  is  built.  The  area  of  the  reservoir  is  about  2 
acres  and  its  maximum  depth  about  12  feet.     The  general  depth  of 
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the  reaervoir  U  about  8  feet.  The  bottom  was  cleaned  and  covered 
-with  sand  in  1886.  The  upper  portion  of  the  watershed  is  some- 
what Bwampy,  and  contains  a  few  small  ponds.  The  lower  portion 
is  pasture  land.  Water  is  distributed  by  gravity.  Distributing 
znaina  are  of  cast  iron.     Service  pipes  are  of  lead. 

Chemieal  Examination  of  Water  fnm  a  Faucet  in  Soulh  Hadky,  supplied  from 

the  South  Hadtey  Water  Works. 

(puuptrioojxn.] 
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Water  Supply  of  Spencer. 

Descriplion  of  TTorts.— Population  in  1885,  8,247.     The  works 
were  built  in  1883  l)y  the  Spencer  Water  Corapuny,  and  were  pur- 
chased by  the  town  July  1,  1884.     The  estimated  population  sap- 
plied  in    1886   waa    about   G.OOO.     The  source  of  supply  is  Shaw 
Prmd  in  Lcii-ester.     The  area  of  the  pond  ia  67  acres.     Almut  one- 
third  of  it  13  less  than  10  feet  in  depth  at  high  water.     There  is  & 
dam  at  the  outlet  of  tlie  pond.     The  watei-shed  of  the  pond  is  said 
to  consist  principally  of  pasture  land  with  a  small  amount  of  wood- 
land.    Its  area,    exclusive  of  the  area  of  the  pond,  ia  about  155 
acres.     Water  is  distributed  by  gravity.     Distributing  mains  are  of 
wrought  iron  lined  with  cement.     Sei-vice  pipes  are   of  galvanized 
iron.     In  1886  there  were  complaints  of  a  disagreeable  taste  and 
odor  in  the  wjter  supplied  to  consumers. 

Chemical  Examinalion  of  Waicr  from  a  Faucet  in  Speiuxr,  supplied  from 
Shaic  Pond. 
[I'TUptr  100.000.] 
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Water  Supply  of  Springfield. 
Bescrip/ion  of  TVort/t.  —  Population  in  1885,  37,575.     The  work* 
are  owned  by  the  city,  and  were  constructed  in  1874  and  1875.     The. 
average  daily  consumption  in  1888  is  estimated  to  have  been  4,000,- 
000  gallons      The  main  source  of  supply  is  a  storage  reservoir  io 
the  town  of  Ludlow,     When  full,  this  reservoir  has  an  area  of  44A 
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acres,  and  contains  1,992,000,000  gallons.  Its  maximum  depth  is 
about  24  feet  and  its  average  depth  13.7  feet.  Of  the  area  flowed 
by  the  reservoir  281  acres  were  covered  with  wood  in  various  stages 
of  growth.  A  part  of  this  area  was  low,  swampy  land,  —  the  mud 
or  peaty  deposit  ranging  from  6  inches  to  4  feet  in  depth.  These 
peaty  areas  are  not  less  than  12  feet  below  high-water  mark,  and 
most  of  them  are  as  much  as  16  feet  below.  The  stumps  were  cut 
low  and  all  wood  and  brush  was  burned,  and  the  stumps  were 
charred.  Six  and  three-eighths  acres  of  the  most  objectionable 
portion  of  the  swamp  were  sanded  over  to  a  depth  of  nearly  1.5  feet. 
The  shores  are  as  a  inile  abrupt,  the  exception  to  the  rule  being  at 
the  upper  end  of  the  reservoir,  where  a  comparatively  small  area  is 
quite  shallow. 

The  Ludlow  Reservoir  is  fed  by  a  direct  watershed  of  1,188  acres, 
exclusive  of  the  reservoir.  On  the  west  it  receives  water  from 
Higher  Brook  through  a  canal  about  one  mile  in  length.  The  water- 
shed of  Higher  Brook  at  the  point  where  its  water  is  diverted  is 
1,119  acres.  On  the  easterly  side  water  is  brought  into  the  reservoir 
by  the  Broad  Brook  Canal,  which  is  about  12,000  feet  in  length. 
Until  Nov.  30,  1886,  this  canal  brought  water  from  the  Belchertown 
Reservoir,  a  shallow  body  of  water  of  about  25  or  30  acres,  fonned 
by  a  dam  which  also  floods  a  large  area  of  swampy  land  on  the  brook 
above  the  reservoir  to  a  very  slight  depth.  As  it  was  thought  that 
the  water  from  this  reservoir,  and  the  swampy  land  above  it,  had 
an  injurious  eflTect  upon  the  water  in  the  Ludlow  Reservoir,  the  canal 
was  extended  and  altered  so  as  to  intercept  only  the  north-western 
branch  of  Broad  Brook,  which  is  known  locally  as  Axe-Factory 
Brook,  the  water  of  Belchertown  Reservoir  being  allowed  to  run  to 
waste.  The  area  of  the  Axe-Factory  Brook  watershed  at  the  point 
of  diversion  is  1,655  acres.  The  total  watershed  now  tributary  to 
Ludlow  Reservoir  is  4,358  acres.  Previous  to  Nov.  30,  1886,  the 
total  watershed  was  6,484  acres.  These  areas  contain  only  a  very 
small  population. 

Water  is  conveyed  from  Ludlow  Reservoir  to  the  city  through  a 
24-inch  cement-lined  wrought-iron  pipe.  The  higher  districts  are 
supplied  directly  from  the  Ludlow  Reservoir.  The  lower  districts 
are  supplied  chiefly  with  Ludlow  water,  which  is  turned  into  two 
distributing  reservoirs,  known  as  the  Van  Horn  and  Lombard 
reservoirs. 

The  Van  Horn  Reservoir  is  separated  into  two  sections  by  a  road 
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which  crosses  it,  and  the  sections  are  knowu  respectively  as  the 
Upper  and  Lower  Van  Horn  reservoirs.  Upper  Van  Horn  lleservoir 
baa  an  area  of  about  9.5  acres,  and  its  capacity  at  high  water  ia 
28,000,000  gallons.  Ita  mnximum  depth  ia  23  feet.  Lower  Van 
Horn  Reservoir  has  an  area  of  13.5  acres,  and  its  capacity  is  74,000,- 
000  gallons.  Its  maximum  depth  is  30  feet.  The  Upper  and  Lower 
Van  Horn  reservoirs  are  connected,  and  are  operated  as  one  reser- 
voir. This  reservoir  has  a  considerable  watershed  of  its  oi\ti,  esti- 
mated at  250  acres  more  or  less,  mostly  an  elevated  sandy  plain, 
from  which  much  of  the  water  enters  the  reservoir  by  tiltration 
through  the  ground.  The  Ludlow  water  is  supplied  to  this  reservoir 
through  an  8-iach  pipe  which  ends  in  a  ditch  in  the  elevated  sandy 
plain  beside  the  i-escrvoir.  The  water  is  allowed  to  flow  through 
this  ditch  for  a  distance  of  about  500  feet,  and  then  flows  swiftly 
through  a  trough  having  a  steep  grade,  and  at  the  end  falls  about  10 
feet. 

Lombard  Reservoir  has  an  area  of  nearly  three  acres,  and  its 
capacity  is  about  9,000,000  gallons.  It  also  has  a  small  drainage 
area  of  its  own  which  is  similar  to  that  of  the  Van  Horn  Keservoii". 

The  distributing  mains  originally  laid  were  of  wrought  iron  lined 
with  cement,  but  cast  iron  is  now  used  for  extensions  and  in  all  cases 
where  it  becomes  necessary  to  relay  existing  mains.  Service  pipes 
are  of  wrought  iron  coated  with  tar. 

From  the  year  of  the  first  introduction  of  Ludlow  water  into 
Springfield  to  the  present  time  the  water  in  the  summer  has  had  a 
disagreeable  taste  and  odor.  This  trouble  was  specially  investigated 
in  the  summer  and  autumn  of  188!),  and  will  be  discussed  in  a 
subsequent  portion  of  this  report. 
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(^  WaUr  from  Ludlow  Beaervoir,  Springfield  II 
ffbrt«  — ConcIuJed. 
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Mieroteopienl  Examination. 
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Chemical  Examination  of  Water  from  Broad  Brook  Canal  near  the  point  where 

it  enters  Ludlow  Beservoir. 
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Chemical  Examination  of  Water  from  Lombard  Beaervoir,  Springfitld. 
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Chemicai  Examinaiion  of  Water  from  a  Faucet  in  Springfield,  supplied  frvm  the 

Ludloto  Reservoir. 
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Water  Setpply  op  Stockbridge.  —  Stockbridge  Water 
Company. 

Description  of  Works.  — Population  of  the  town  of  Stockbridge  ia 
1885,  2,114.  The  works  from  which  the  main  village  of  Stockbridga 
is  supplied  are  owned  by  the  Stockbridge  Water  Company,  and  were 
built  in  18G2  and  1884.  The  sources  of  supply  are  a  small  reservoir 
and  a  tubular  well  neurit  on  the  westerly  side  of  Bear  Mountain, 
The  reservoir  ia  fed  by  a  small  brook,  which  is  dry  much  of  the  y 
and  by  springs.  Its  capacity  ia  about  94,500  gallons.  When  the' 
supply  from  the  reservoir  is  insuIEcient,  water  is  pumped  into  it  from 
the  tubular  well,  which  is  8  inches  in  diameter  and  300  feet  in  depth. 
Both  of  the  sources  now  in  use  furnish  but  a  limited  supply  for  tbtt 
village  in  a  dry  time.  Another  tubular  well  was  sunk  on  the  aide 
the  mountain  near  the  reservoir  to  a  depth  of  COO  feet,  but  thO 
amount  of  water  which  could  be  pumped  from  it  was  so  small  that  it 
was  abandoned.  Water  is  distributed  from  the  reservoir  by  gravity. 
Distributing  mains  are  of  cast  iron.  Service  pipes  are  of  galvanized 
iron. 

In  addition  to  the  Stockbridge  Water  Company,  two  other  com- 
panies supply  small  portions  of  the  town  of  Stockbridge.     The  Hill 
Water  Company  supplies  that  portion  of  Stockbridge  known 
"The   Hill."     The  Lenox  Water  Company  supplies  a  portion  ol 
Stockbridge  near  Lenox. 
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iSemieal  Examinatwn  of  Water  from  a  Faueel  in  Stockliridge,  mjtplied  from  the 
Works  of  the  SlockbriUge  Water  Comjiany. 
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Chemical  Examination  of  Water  from  Lake  Mahkeenac  or  Stockbridge  Bowl,        1 
Slockbridgi^.                                                            ■ 
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Water  Supply  of  Stoneham. 
This  town  ia  supplied  jointly  with  Wakefield  by  the  Wakefield 
Water  Company,     ^ec  Walcejield. 

Water  Supply  op  Stouohton.  —  Stodqhton  Wateb  Company. 
Description  of  TTorAs.  —  Population  in  1885,  5,173.     The  works 
are  owned  by  the  Stoughton  Water  Company,  and  were  built  in 
1886.     The  average  daily  consumption  in  1888  was  about  40,000 
gallons.     The  source  of  supply  ia  a  well  25  feet  in  diameter  and  30 
feet  deep,  located  in  the  centre  of  the  village.     It  is  built  of  stone 
laid  in  cement,  and  was  excavated  partly  in  ledge.     Pumps  force  the 
water  to  the  distributing  mains  and  to  au  open  iron  tank  30  feet  in 
diameter  and  GO  feet  in  height.     Distributing  mains  are  of  cast  iron ; 
flervice  pipes  arc  of  lead  and  of  tarred  iron. 

Chemical  Examination  of  Water  from  the   Well  of  the  Slovghton  Water  Company. . 
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"Water  Supply  of  Swampscott. 
Description  0/  TTorfcs.  —  Population  in  1885,  2,471.  Tlie  dis- 
tributing system  is  owned  by  the  town.  Water  is  supplied  by  the 
Marblehead  Water  Company.  Dietribating  mains  are  of  wrought 
iron  lined  with  cement.  Service  pipes  are  of  wrought  iron,  tarred, 
and  of  galvanized  iron. 


Marblehead  Water  Company. 
Description  of  Works.  —  Tliis  company  supplies  water  to  the 
towns  of  Marblehead,  Swampseott  and  Nahant,  which  had  an  aggre- 
gate population  in  1885  of  10,625  j  also  to  a  small  part  of  the  city 
of  Lynn.  The  average  daily  consumption  in  1888  was  220,500 
gallons.  The  maia  source  of  supply  is  a  lurge  well,  22  feet  in 
diameter  and  20  feet  in  depth,  on  the  biiiil^  of  Stacy's  Brook  in 
Swampseott.  The  centre  of  the  well  is  about  35  feet  from  the  brook. 
In  the  bottom  of  the  well  are  six  two-inch  tubular  wells,  sunk  to  a 
iurtber  depth  of  50  to  75  feet.  A  supplementurj'  supply  is  obtained 
from  some  tubular  wells  near  the  brook,  a  short  distance  above  the 
pumping  station.  Pumps  force  the  water  from  the  well  to  the  dis- 
tributing mains  and  to  an  open  iron  tank  22.5  feet  in  diameter  and 
110  feet  in  height.  The  distributing  mains  owned  by  the  company 
are  of  cast  iron.  Stacy's  Brook  above  a  point  opposite  the  well 
receives  so  much  sewage  from  the  very  large  population  on  its  water- 
shed in  the  city  of  Lynn  that  its  waters  are  highly  polluted.  A 
Bewer  was  built  in  Lynn  to  intercept  the  ordinary  flow  of  this  brook, 
but  it  was  not  in  operation  when  the  samples  were  collected  from 
the  brook.  There  are  a  large  number  of  dwelling-houses  within  a 
short  distance  of  the  well. 

ChemieiU  Examination  of  WiUct  from  the  Weils  of  the  Marblehead  Water  Com- 
pany, SuiampacoU. 
[Parti  per  ino.mn  ] 
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Chemical  Examination  of  WaUr  from  the  Wells  of  the  Marblehead  WaUr 
Company,  SwampieoU — Concluded. 
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Chemiaat  Exmnination  of  Water  from  the  Tank  of  the  MtH^Uhead  Water 
Company,  Swampaeott. 
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ChemietU  Examination  of  Water  from  Slaa/'i  Brook  in 
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Water  Supply  of  T.adnton, 
Description  of  Works.  —  Population  iu  1885,  23.674.  The  works 
are  owned  by  the  city  and  were  built  in  1876.  The  average  daily 
consumption  for  1888  was  751,882  gallons.  "Wiiter  is  taken  from 
the  ground  by  menus  of  an  open  iilter-basin  imd  a  covered  filter- 
gallery  on  the  left  bank  of  the  Taunton  River  above  the  city,  and, 
when  the  supply  of  ground  water  is  insufficient,  is  taken  from  the  river, 
either  directly  or  after  being  filtered  through  a  coarse  filter.  The 
filter-basin  is  400  feet  long  and  its  l)ottom  ia  8  feet  below  low  water 
in  the  rivci*.  The  basin  is  17  feet  wide  at  the  bottom,  and  the  sides 
have  a  slope  of  two  feet  horizontally  to  one  foot  vertically.  The 
filter-gallery  extends  from  the  upper  end  of  the  filter-basin  pamllel 
with  the  river,  a  distance  of  8G3  feet.  In  section  it  is  egg-shaped, 
and  its  dimensions  are  5  feet  2  inches  in  height  and  4  feet  in  width. 
It  13  built  of  brick  with  some  of  the  joints  uncemented,  and  its 
bottom  is  level  with  the  bottom  of  the  filter-basin.  Two  tubular 
wells  were  sunk  in  the  bottom  of  this  conduit  at  points  where  clay 
came  close  to  the  surface.  The  wella  are  respectively  IJ  and  IJ 
inches  in  diameter  and  25  and  37  feet  deep.  At  the  upper  end  of 
the  filter-gallery  a  coai-se  filter,  known  as  the  "filter  bank,"  has  l>een 
built.  It  was  formed  by  extending  the  conduit  a  distance  of  94.6 
feet  and  filling  the  space  between  it  and  the  river  with  broken  stone 
And  gravel.  The  width  of  the  filter  between  the  conduit  and  the 
river  is  about  40  feet.  Water  is  pumped  directly  into  the  mains 
and  no  reservoir  or  stand-pipe  is  used.  Distributing  mains  are  of 
cast  iron.  Service  pipes  are  of  wrought  iron  lined  with  cement. 
A  disagreeable  taste  and  odor  iu  the  water  supplied  to  consumers 
has  been  noticed  occasionally,  and  is  thought  to  be  due  to  growths 
of  algie  in  the  open  filter-basin. 
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Chemical  ExamimUion  of  Water  from  the  Filler-Baain  of  the  Taunton 
Water  Works. 
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Chemical  Ezaminaiion  of  Water  from  the  Taunion  Biver  at  Taunton — Concluded. 
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Water  Supply  of  the  State  Almshouse,  Tewksburv. 
This  U  a  supply  Jo  iv  public  institution  having  a  population  of  about 
885  in  June,  1887.     The  worka  were  built  in   1870.     The  avenige 
daily  consumption  in  1888  was  al»out  90,000  gallons.     The  source 
of  supply  is  a  brook,  from  which  water  is  diverted  into  a  small 
pump  well  8  feet  in  diameter  and  8  feet  deep.     The  drainage  area  is 
said  to  contain  a  considerable  amount  of  swamp  land  covered  with 
a  heavy  growth  of  wood.     Pumps   force  the  water  from  the   purap 
well  to  an  open  iron  ttink  and  two  distributing  resei'voirs.     The 
tank  is  30  feet  in  diameter  and  40  feet  in  height.     The  reservoirs  are 
each  IGO  feet  long  and  110  feet  wide  at  the  top,  and  10  feet  deep. 
The   bottom  of  each   is  of  clay  and  the  slopes   are    paved.     The 
capacity  of  each   is  about   1,200,000  gallons.     Distributing  mains 
are  of  cast  iron  ;  service  pipes  are  of  wrought  iron. 

Chemical  ExaminrUion  of  Water  from  a  Faucet  at  the  State  JlmaHouee, 
Tcwksbury. 
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<^emical  Examination  of  Water  from  a  Faucet  at  the  Stale  Alnishame  —  Con. 
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Chemical  Examination  of  WaUr  fnm  a  Well  at  the  StaU  Almshouse,  Tewkshury. 
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WATER  SUPPLY  AND   SEAVERAGE. 


[De 


Watek  Supply  of  Tisbuky. — Vineyard  Haven  Water  Compact. 
Dewriplion  of  Works. — Population  of  the  town  of  Tisbury  in 
18^5,  1,541.  The  works  are  owned  by  the  Vineyard  Haven  Water 
Company.  Water  was  introduced  Dee.  1,  1887.  The  source  of 
supply  is  a  spring  near  the  northern  shore  of  Lake  Tashnioo.  The 
water  of  the  spring  is  collected  by  mesins  of  a  iilter-gallery  38  feet 
long,  7  feet  wide  at  the  bottom,  and  10  feet  high.  Pumps  force  the 
water  to  an  open  iron  tank  20  feet  in  diameter  and  50  feet  in  height. 
The  tank  ia  situated  between  the  pumping  station  and  the  village, 
and  all  water  pumped  passes  through  it.  Distributing  mains  are  of 
-cast  iron.     Service  pipes  are  of  lead. 

Chemical  Examination  of  Water  from  the  Tashmoo  Spririg  at  Vineyard  Haven. 

IPiirU  per  lUD.OOO.] 
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Chemical  Examinaiion  of  Water  from  Tynifa  Pond  in  Tyngsborough. 
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Water  Supply  op  Uxbeidge.  —  Uxdridoe  Water  CoiiPAxr. 
Description  of  Works.  —Population  in  1885,  2,948.  TIio  ivorks 
are  owned  by  the  Uxbritlge  Water  Company,  and  were  built  in  1879. 
Water  it  eupplied  to  the  main  village  of  Uxbridge.  The  sources  of 
supply  are  springs,  the  water  of  which  is  collected  by  drains  and 
stored  in  two  small  reservoirs.  The  drains  were  laid  in  three  direc- 
tions from  a  main  drain  300  feet  long  running  up  the  side  of  a  hill. 
Two  of  the  branch  drains  are  each  100  feet  in  length  and  the  third 
is  150  feet  long.  The  larger  reservoir  is  80  feet  long,  60  feet  wide 
and  9  feet  deep,  with  pei-pendicular  walls  and  ledge  bottom.  The 
walls  are  laid  up  in  cement  to  one  foot  above  the  surface  of  tiie 
ground  and  the  reservoir  is  covered  with  &  wooden  roof.  This 
reservoir  was  built  in  1882.  The  smaller  reservoir,  built  in  1879, 
is  25  feet  in  diameter  and  15  feet  in  depth,  and  is  constructed  in  the 
same  manner  as  tlie  larger  one.  Water  is  distributed  by  gravity. 
Distributing  mains  are  of  cast  iron ;  service  pipes  are  of  wrought  iron. 

Ckcmkal  Examination  of  Water  from  a  Faucet  in  Uxbridge,  supplied  from  the 
Works  of  the  Uxbridge  Water  Company. 

[Pirta  per  UO/m.] 
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Water  Sii'pplt    of   Wakefield   and   Stonehaw. — Wakefield 
Water  Compasy. 
Description  of  TForfca.  — Population  in  1885  :    Wakefield,  6,060; 
Stoneham,   5. (559;   total,   11,719.     The  works  are  owned  by  tho 
Wakefield  Water  Company,  and  were  built  in  1883.     The  average 
daily  consumption  in  1887  was  about  325,000  gallons.     The  sourcB 
of  supply  is  Smith  Pond  or  Cryatal  Lake  in  Wakefield.     Its  area  is 
about  55  acres.     At  bigh  water  about  30  acres  more  are  flowed  to  a 
slight  depth.     The  maximum  depth  of  tlie  pond  is  26  feet  and  ita 
general  depth  is  about  13  feet.     The  bottom  is  of  gravel  except  at 
the  southerly  end  where  it  is  muddy.     The  drainage  area,  of  aboat 
one  square  mile,  is  for  the  most  part  rocky  pasture  and  woodland, 
though  there  is  quite  a  large  number  of  houses  in  the  vicinity  of  tho 
Boston  and  Maine  Railroad.     Pumps  force  the  water  from  the  pond 
to  the  distributing  mains   and  to  an  open  iron  tank,   40  feet  in 
diameter  and  62  feet  in  height,  located  in  Stoneham.     Distributing' 
mains  are  of  wrought  iron  lined  with  cement;  service  pipes  are  of' 
cast  iron. 

Ckemieal  Examiiuition  of  Waier  from  Crystal  Lake,  Wnke^eld. 
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'      Chemical  Examination  of  WaUr  from  Crystal  Lake,-  Wakefield —  Concluded. 
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Water  Sitply  of  AValtiiam. 
Description  of  Works.  —  Population  in  1885,  U,B09.     The  works 
are  owned  liy  the  city  aod  were  built  iii  1873.     The  average  daily 
consumption  ia  1888  was  534,1)00  gallons.     The  source  of  supply  is 
au  open  filter-basin  on  the  left  bank  of  Charles  River  above  the  city. 
The  basin  is  irregular  in  shape,  and  liiis  an  area  of  about  one-fourth 
of  an  acre.     The  bottom  in  the  middle  is  8.5  feet  below  the  average 
level  of  the  water  in  the  river.     The  walla  of  the  basin  are  of  rough 
stone  laid  dry.     In  1H8(>  a  direct  connection  was  laid  between  tlie 
river  and  the  basin,  but  it  has  never  l>oen   used.     Pumps  force  the 
water  from  the  basin  to  an  open  distributing  reser\'oir,  which  is  oval 
in  shape  ;  the  longer  diameter  measured  on  the  bottom  is  2G0  feet 
and  the  shorter  one  210  feet.     The  depth^of  water  when  full  is  15 
feet  and  the  area  of  the  water  surface  about  G2,000  square  feet.     Its 
capacity  is  a  little  over  6,000,000  gallons.     The  hottora  is  of  clay, 
and  the   slopes  are  paved  with  granite   blocks.     Water  enters  th« 
reservoir  at  one  side  and  ia  dniwn  out  at  the  other;  and,  as  a  rale, 
all  water  pumped  passes  through  the  reservoir.     Distributing  mains 
were  originally  of  wrought  iron  lined  with  cement,  but  cast  Iron  is 
now  used  for  extensions.     Service  pi[>es  are  of  wrought  iron  lined 
with  cement.     A  vegetable  growth  occurs  in  the  bottom  of  the  filter^ 
basin  during  the  summer  mouths. 

Chemical  Examinalion  of  Water  from  FOlrr-B-ioin  of  the  WaUham  Water  Worka. 
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Chemical  Examiaalion  of  Water  from  Charles  River  at  WuUham —  Concladed. 
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WATEE  SUPPLY  AND  SEWERAGE. 
JUicroMopieal  Examination. 
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Watee  Supply  of  Ware. 
Description  of  IPbri-a.  —  Population  in  1885,  6,003.  The  works 
are  owned  by  the  town.  Water  was  introduced  in  December,  1886. 
The  average  daily  consumption  in  1888  was  133,400  gallons.  The 
source  of  supply  is  a  large  covered  well  on  the  left  bank  of  Muddy 
Brook,  a  short  distance  above  its  confluence  with  the  "Ware  River. 
The  well  is  2C  feet  in  diameter  and  22  feet  deep,  built  of  brick  laid 
ID  cement.  Pumps  force  the  water  from  the  well  to  an  open  dis- 
tributing reservoir  situated  on  the  opposite  side  of  the  town  from 
the  well.  The  reservoir  is  rectangular  in  shape,  154.5  feet  long  and 
97.5  feet  wide  at  tlie  top.  It  is  15  feet  deep  when  full,  and  con- 
tains 1,558,000  gallons.  The  bottom  is  covered  with  a  layer  of 
concrete  six  inches  in  thickness  and  the  slopes  are  paved  with  stone. 
Beneath  the  stone  paving  a  layer  of  concrete  10  inches  in  thickness 
extends  from  the  bottom  up  the  slope  to  a  level  eight  feet  below 
the  top  of  the  embankment.  Distributing  mains  are  of  cast  iron ; 
service  pipes  are  of  wrought  iron  lined  with  cement. 
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Ca«Bfcoi  Examination  of  Water  from  the  Dialributing  Seterwir  of  the  Ware 
Water  Works. 
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Chemical  Examination  of  Water  from  a  Faucet  in  Ware,  suppUtd  from  the  Ware 
Water  Works. 
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Chemical  Examination  of  Water  from  Muddy  Brook  al  Ware. 
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Water  StrpLY  of  Warren. 
Description  of  Tforts. — Population  in  1885,  4,032.  The  town 
is  supplied  Iiy  several  small  aqueduct  companies  from  springs  in  the 
hills  aliout  the  town,  from  which  the  water  flows  by  gravity.  The 
Warren  Aqueduct  Company,  which  is  one  of  the  largest  companies, 
supplied  ahmit  23  families  in  1887.  The  water  supplied  by  this 
pauy  is  obtained  from  three  wells  on  the  side  of  a  hill  near  the  town. 
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WATER  SUPPLY  AND  SEWERAGE. 


Two  of  the  wells  are  long  and  narrow  and  aljout  14  feet  deep.  The 
third  is  about  2^  feet  in  diameter  and  20  feet  deep.  Water  is 
distributed  through  lead  pipes,  the  lai^est  main  being  a)>out  2 
inches  in  diameter. 

Chemical  Examinalion  of  Water  from  a  Faucet  in  Warren  supplied  from  the 
pipes  of  the  Warren  Aqueduct  Cimtpany. 
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Microecopieal  ExaminaUon. 

Apiil,lM8.    Xo  orgnDlwsi. 

Water  Scpplv  of  Watebtown  and  Belmont.  —  Watertown 
Water  Supply  Company. 
Description  of  Works,  —  Population  in  1885,  of  Watertown, 
6,238  ;  of  Belmont,  1,639  ;  total,  7,877.  The  works  are  owned  by 
the  Watertown  Water  Supply  Company,  and  were  built  to  supply 
Watertown  in  1885  ;  they  were  extended  to  Belmont  in  1887.  The 
aremge  daily  consumption  in  both  towns  in  1888  was  about  210,000 
gallons.  The  source  of  supply  is  a  filter-gallery  on  the  left  bank  of 
Charles  River  above  the  town.  The  gallery  is  built  in  three 
sections.  The  first  section  is  190  feet  long  and  15  feet  wide,  and 
contains  about  12  to  15  feet  of  water.  The  second  section  is  a 
conduit  175  feet  long,  3  feet  wide  and  2  feet  high.  The  third 
section  is  at  right  angles  to  the  second  section,  and  is  102  feet  long 
and  8  feet  wide.  The  bottoms  of  all  the  sections  are  on  a.  level. 
Pumps  force  the  water  to  an  iron  tank  40  feet  in  diameter  nnd  40 
feet  in  height.  The  tank  is  covered  by  a  roof,  but  light  and  air  are 
admitted.  Distributing  mains  are  of  wrought  iron  lined  with 
cement ;  service  pipes  are  of  enamelled  iron. 
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I  Examination  of  Water  from  the  FilUr-Oallety  of  the  Waiertown  Water 
Bupply  Company. 

[Puu  pet  100,000.] 
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Chemical  Examination  of  Water  from  the  Tank  of  the  Watertown  Water  Supply 
Company. 
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Microscopical  Examination. 
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Water  Supplt  op  Watland, 
Description  of  Works.  — Population  of  the  town  of  Wayland  in 
1885,  1,946.  Water  ia  supplied  only  to  Cochituate  village,  which 
is  the  principal  village  in  the  town.  The  works  were  built  in  1878. 
Water  is  supplied  to  about  1,200  people.  The  source  of  supply  is 
a  small  filter-gallery  built  close  to  the  shore  of  a  small  storage 
reservoir  on  Snake  Brook,  a  tributary  of  Lake  Cochituate,  which  i^ 
one  of  the  sources  of  the  water  supply  of  Boston.  The  gallery  is 
400  feet  long,  12  inches  wide  and  18  inches  high,  with  two  branches, 
each  80  feet  long,  extending  beneath  the  reservoir.  The  gallery  is 
covered  with  from  4  to  10  feet  of  gravel.  The  reservoir  covers  an 
area  of  about  13  acres  and  its  capacity  is  about  16,000,000  gallons. 
Water  ia  distributed  by  gravity.  Distributing  mains  are  of  cast 
iron ;  service  pipes  are  of  wrought  iron,  tarred.  In  case  of  fire  the 
filter-gallery  is  shut  off  and  water,  taken  directly  from  the  reservoir, 
is  pumped  by  water-power  to  increase  the  pressure.  This  supply 
^ves  trouble  in  the  summer  from  the  growth  of  Crenothrix  in  the 
pipes,  and  will  be  further  discussed  in  a  subsequent  portion  of  this 
report. 
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Chemical  ExaminaCion  of  Water  from  the  Filter-Oallery  of  the  Wayland 
Water  Works. 


4rr 

UUIICI. 

^Sl^ 

A„„,u. 

i 

-V„-«« 

1 

J 

s- 

f 

1 

i 

ji 

1 

1 

r- 

i 

i 

» 

M-yS? 

DseltliHl, 
milky. 

S11|il.t,d>rk 
brown. 

..» 

4.1K 

- 

osja 

..„ 

- 

IH 

Julj-    a 

July    7 

Slight,  diTk 

I.s> 

t.ai 

- 

.osa) 

.DMT 

M 

.ma 

m 

Ang.  6 

Am.  B 

Dl,«„=.. 

Sllgbt. 

l.» 

i.U 

.OOM 

.(BH 

.B 

.am 

tm 

S.pt.  2 

&,pt.   3 

D«ldKl. 

Bllgbt. 

0.40 

4.87 

- 

- 

.OBO 

.0901 

.3S 

.ayto 

- 

Wl 

Ool.  10 

Ocl.   11 

Decided. 

Cowld'bls. 

0.M 

4.« 

oxu 

.0301 

•a 

.0130 

- 

lias 

Sov,    B 

Nov.  10 

Dlillnel. 

Slight. 

O.ID 

4.M 

- 

- 

.MHl 

.DIM 

.31 

.nto 

.^« 

' 

M. 

D„lded. 

C(m..diirk 

,.« 

.... 

- 

,». 

-AH* 

.M 

.0540 

ODOO 

1B78 

Feb.  IS 

Feb.  Kl 

Dfttanl. 

Bllgbl. 

0.M 

i.» 

(«D3 

.0103 

.» 

.OSM 

ODOI 

™ 

M.r.l. 

UBr.l2 

DUU-ei. 

'■■sir'- 

0.40 

fi.» 

- 

- 

.OWO 

■<"" 

.43 

.osoo 

0001 

3»T 

Apr.   a 

Apr.   * 

Slight. 

Vetynllghl. 

0.3.1 

i.7g 

.0073 

.om 

M 

-OKU 

OOOl 

aaw 

Mnjr    t 

M.y    6 

Dlitlnct. 

Con.,niily. 

0.30 

4-S5 

_ 

.OlM 

-OIK 

.W 

.OSJO 

oeo> 

"» 

■"""" 

JU»1B 

DIMInct. 

Sllgbt. 

o.Io 

4.U 

- 

.«« 

.0189 

-M 

.o.« 

QOOl 

^TBT 

July  19 

Jnly  IB 

DWiuct. 

might. 

o.» 

4.H 

- 

-UU 

;S! 

.24 

.0100 

DON 

CMS 

Aug.  16 

Ang.n 

DKldod. 

ne.,y. 

0.1i 

*M 

- 

.cou 

:irt8 

.24 

.O0» 

0001 

aiu 

B.pi.ai 

Sept-n 

Qlillnet. 

8irt,ni.ly, 

C.S4 

4,H 

- 

- 

.DIM 

.0339 

.III8B 

.30 

.0300 

oDoa 

uss 

Od.  23 

0«.K 

D,..l=ct. 

Sli-l.  green. 

>... 

- 

- 

.ant 

.Diss 
.S14S 

.»T 

-Uio 

m. 

jsea 

"."■" 

Ncv.n 

D«.ded. 

Con-grc™ 

0.M 

4.H 

- 

.030(1 

:ilii 

.SE 

.DtSO 

.OOW 

M81 

Jm.  lU 

Jbu.  Ut 

V.ry.llgbt 
Veryllgbt 

Slight. 
Vcryillght 

0.05 
0.10 

S.TD 
4.TS 

: 

" 

.0019 
.OOIS 

■ss 

.ooM 

■wn 

.S8 
.40 

,DMO 

.0001 

.oegf 

<SJ» 

>Ur.   8 

«■'•» 

Very.U)(ht 

>nd  an.;'! 

..,. 

4.H 

- 

■-» 

.0064 

... 

.Mod 

.0001 

4B» 

l(.y     B 

Mny    B 

Slight. 

Sllgbt. 

0.W 

4.49 

■"" 

ioi4l 

.S3 



-tOM 

.0001 

7 

i 

~r 

t;; 

™ 

-oi";; 

..a 

~<a^ 

™m 

Hirdoc.  InSlmr,  ia8S.i.O.    Od 

nr.Wmlyr 

umple.  .en  «K 

lecl« 

Iroin. 

J.UU1  >1 

lbs  gite.hau 

«  or  /mm 

(»uc 

-ila> 

tOlUB 

onlhD 

miln 

pipe  I 

utbe 

Blt«. 

1889.}  "WATER  SUPPLY  AND   SEWERAGE. 

Mietxaeopical  Examination. 


.»l^ 

— T«r^ 

.«» 

J^y 

- 

S.pt. 

OOL 

No..   |l>«. 

Jin. 

M„ 

Um,. 

1.  BlDfl^tWOAJBW,       ,       .       ,       -       . 

e.D 

D.A 

pr. 

e.o 

0.0 

0.0 

O.D 

0.0 

0.0 

0.0 

a.  Other  AJgH 

0.1 

«.] 

o.S 

pf- 

pr. 

u.o 

pr. 

0.1 

a.fi 

O.B 

3-roo«t 

«.o 

Ji.O 

IWO.« 

JB.A 

M.D' 

1*0».0 

«.o 

pr, 

0.0 

0.0 

4.  Anlrrul  Pornu, 

pr. 

pr. 

O.0 

0.0 

0.0 

O.0 

o.n 

1.0 

i.t 

Chemical  Examination  of  Water  from  the    Starve  Beservoir  of  the  Wayland 
Water  Works. 


leuiM 

per  1M«C-] 

D.«o, 

^1/i^^L' 

».. 

a™...| 

1 

..,r,™„ 

1 

J 

|J 

1 

j 

1 

1 

i 

1 

1 

ill 

1 

1- 

3U 

IS 

Jul,    » 

ST. 
JBIJ-    T 

eiigbi. 

811't.brown. 

I.IO 

fi.OJ 

i.U 

3.47 

.oou 

.0110 

.J|.™ 

413 

An«.  i 

AU|.  i 

BHlbl- 

V.r7.!^gh^ 

00 

4.Wi 

'■« 

S.SO 

-oooa 

-oaoe 

■31 

.0000 

MO 

Oct.  10 

0«t.  11 

Deolded. 

V«y.ligl.l 

47 

i.U 

I.IJ 

E.IO 

.». 

out 

-34 

.0010 

-iw 

No.,   t 

Nov.  10 

Dt-Unot. 

CoD>ld-bIa. 

35 

i.li 

1-59 

i.*i 

M 

OJli 

.80 

.uloO 

1644 

J.I..    fl 

5'k.  , 

D1..1p=t. 

Blight. 

40 

i.ii 

2.0J 

3.00 

-cm. 

o«o« 

.M 

.0150 

1B70 

Feb.  U 

F.b.  Zl 

Slight. 

V.rr.llgbl 

30 

4.4i 

1.33 

3.10 

.«. 

.0155 

,12  ^-.(1350 

.ouoo 

IBDl 

ir.r.  11 

M.r.  12 

Blighl. 

Nooe. 

W 

S.Ti 

O.RS 

1.00 

.0001] 

OlM 

.25 

.OMO 

.0000 

aiie 

.Vpr.   S 

Apr.   1 

V.r7 -light 

VeryJlght 

TO 

3.10 

t.4S 

1.05 

.0002 

0215 

.30 

.onso 

.0000 

1330 

M.,     . 

M.y    6 

eilgbl. 

BHghl.     ■ 

00 

S.K 

I.JS 

S.M 

.0004 

0M3 

.n 

.i&M 

.OOO-J 

ana 

JUD.1B 

J-M.O 

Bligbl. 

Blight. 

60 

4,10 

l.tJ 

t.H 

.0001 

031111 ! 
.Ollt 

■^ 

.00,^0 

.000. 

S7WS 

JbI,  IB. 

joi,  n 

VeryUghl 

Ven-.llghl 

" 

00 

4.45 

1.60 

LU 

.0001 

;Sj 

.ii  11.0050 

1 

.000, 

3e« 

Ant.  10 

Am.  IT 

mniMt. 

Veryillgln 

" 

to 

S.K 

l.«l 

».4S 

.Mlfl 

.urn 

.0000 

1»4 

Sepl.M 

a.pt.aT 

aiigfat. 

Blight. 

1 

so 

4.H 

t.H 

1M 

.OOTO 

'.m\ 

.M,  .0050 

.0003 

"^ 

on.  n 

Ort.B 

Slight. 

Slight. 

1 

to 

S.io 

t.fiB 

i.a 

-OOM 

.mns 
-out 

..,,.0,00 

.0001 

■SH 

N«.l« 

N«.1I 

VBryillghl 

Sllgbl. 

1 

30 

4.U 

1.00 

1.S0 

.0038 

!om' 

.23r.oioo 

1 

.0004 

ITU 

D«.  14 

Dh.  IS 

Terjillghl 

SUght. 

0 

BO 

s.u 

1.4S 

IM 

.oooz 

ioiJB 

.15  .oo;o 

.0003 

WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


IFoier  frc 

m  the  Storage 

Scsewot' 

o/  (A<  TTautend 

Waler  irorA*— Concluded. 

,.„.., 

a™«,c.. 

EvjLrniuTioi. 

A„..... 

3 

,„.™ 

I 

J 

ji 

1 
1        ^ 

1 

i 

i 

ii 

1 

i 

<i 

1 

i 

J^At 

M. 

Jul.  ai 

Blight. 

VBryiUghl. 

fl.SO 

).«6 

I.5A 

i.« 

,ooi« 

:ia 

.« 

.0X0 

.0001 

4M0 

Slur.   olM.r-12 

Blight. 

Slight. 

o.u 

I.OQ 

l.» 

I.U 

.OM* 

ss 

-IT 

.am 

.0091 

"•> 

Apr-l^p.^ 

v«).  .light 

Blight. 

"■" 

9.n 

1.40 

t.n 

.00]« 

.Dial 

.20 

.aaaa 

.0000 

4SSD 

il^J     B,U.J     V 

Hlllbl. 

Bllt,  light 

D.W 

i.ss 

I.U 

1.10 

.ooia 

.DIM 

.IS 

.«»o 

Av. 

1 

•-■» 

'  jj^. 

.M 

.0,0, 

■| 



Microscopical  Examination. 


.«».. 

■nna. 

Jun. 

.....JA„. 

*p. 

o«. 

-->- 

'■"■l-l-'-l-- 

a.  Olher  Algi», 

fl.l 

pr. 

0.3 

!:I 

0.1 

pt. 

o.a 

O.i     1.1 
pr.     pr. 

0.4 
fl.O 

0.0     0.0 

p..     6.1 

..0 

0.0 

roups  «ncl  principal  gpDvrm  of  orgADli 
'.'  i^oaigwreiE ;  DimnldlMeiP:  Dlstomi 
Aozot,  Dinobryon  ;  Kollfeia;  Eatomtx 


Water  Sdpplt  of  Webster.  —  Slater  Manufacturixo 

COMPAXY. 

Description  of  Works.  —  Population  in  1885,  6,220.  The  worka 
are  owned  by  tho  Slater  Manufacturing  Company,  and  were  built  in 
1881.  Tho  average  daily  consumption  in  1888  was  about  200,000 
gallons.  The  source  of  supply  is  Lake  Chaubunagungatnaug  in 
Webster.  Tho  area  of  the  lake  is  1,250  acres,  as  estimated  from  the 
new  topngrapliicftl  map  of  Jfassachu setts.  It  is  very  irregular  ia 
outline  and  contains  several  small  islands.     The  bottom  of  the  lake 
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is  stony  and  grarelly,  and,  in  some  places,  muddy.  A  dam  at  the 
ontlet  raises  the  former  natural  surface  of  the  lake  ahout  two  feet, 
and  in  some  places  the  depth  of  water  ia  alight,  but  there  ia  very 
little  vegetable  growth.  The  watershed  of  9.73  square  milea, 
iDcluding  the  area  of  the  lake,  as  estimated  ft-om  the  new  topo- 
graphical map  of  Massachusetts,  consists  of  farming  and  woodland, 
and  contains  a  very  amall  population.  The  soil  is  generally  gravelly 
and  rocky,  but  there  are  also  a  few  small  areas  of  swamp  and  meadow 
land,  principally  near  the  south-western  shore  of  the  lake.  Pumps 
force  the  water  to  an  open  distributing  reservoir  and  to  the  town. 
The  reservoir  is  300  feet  long,  75  feet  wide  and  10  feet  deep.  The 
bottom  is  of  rock,  and  the  slopes  are  paved.  Distributing  mains  are 
of  cast  iron.     Service  pipes  are  of  galvanized  iron. 


Chemical  Examination  of  Water  from  Lake  Chaubwtagtingnmaug. 
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Water  Supply  of  Wellbslev. 
Description  of  Worka.  —  Population  in  1885,  3,013.  The  works 
are  owned  by  the  town.  Water  waa  introduced  in  December,  1884. 
The  average  daily  consamption  in  1888  was  138,000  gallons.  The 
source  of  supply  la  a  filter-gallery  on  the  left  bank  of  Rosemary 
Brook,  and  about  400  feet  from  Charles  River,  supplemented  by 
water  drawn  from  Williama'  Spring.  The  filter-gallery  is  63  feet  in 
length,  12  feet  wide  at  the  top  of  the  side  walls,  and  11  feet 
wide  at  the  bottom.  The  walla  are  of  rough  stone  laid  dry  to 
a  height  of  13  feet  from  the  bottom,  and  surmounted  by  a  brick 
arch  12  inches  in  thickness,  making  the  total  inside  height  17  feet 
10  inches.  Two  manholes  give  access  to  the  gallery.  A  direct 
connection  is  also  built  between  Roaemnry  Brook  and  the  gallery. 
In  1886  a  welt  20  feet  deep  and  22  feet  in  diameter  waa  built 
at  "Williams'  Spring,"  about  1,000  feet  from  the  filter-gal- 
lery and  connected  with  the  pump  well  at  the  pumping  station 
by  a  siphon.  Pumps  force  the  water  from  the  pump  well  to  an 
open  distributing  reservoir,  which  is  133.5  feet  square  at  the  top, 
73.5  feet  square  at  the  bottom,  and  IC  feet  deep  at  high  water.  The 
capacity  of  the  reservoir  is  about  1,150,000  gallons.  The  bottom  is 
covered  with  a  layer  of  concrete  six  inches  in  thickness,  and  the 
slopes  are  paved  with  stone.  Beneath  the  atone  paving  a  layer  of 
concrete  10  inches  in  thickness  extends  up  the  slope  to  a  level  four 
and  one-half  feet  below  high-water  mark.  Distributing  mains  are  of 
cast  iron.  Service  pipes  are  of  wrought  iron  coated  with  tar.  For 
new  service  pipes  wrought  iron  lined  with  cement  is  used. 
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Chemical  Examination  of  Water  Jrom  Waban  Lake,  Wellesley. 
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Water  Supply  of  Westborouoh. 
Description  of  Works. — Population  in  1885,  4,880.  The  works 
are  owDed  by  the  town.  Water  was  introduced  in  1879.  There 
were  550  service  pipe  connections  in  1889.  The  source  of  supply 
is  Sandra  Pond,  an  artificial  storage  reservoir,  located  about  two 
Qiiles  south  of  the  main  village,  in  Weatborough.  In  1887  the  reser- 
voir was  separated  into  two  divisions  by  building  a  dam  across  it  at 
a  point  near  the  lower  end  where  the  opposite  shores  approached 
each  other.  The  surface  of  the  upper  basin  is  five  feet  higher  than 
the  surface  of  the  lower  one  at  high  water.  The  total  area  of  both 
basins  is  said  to  be  51  acres.  All  the  mud  and  vegetable  matter  was 
removed  from  the  bottom  of  the  lower  basin  at  the  time  the  dam  was 
built.  The  maximum  depth  of  this  basin  is  about  15  feet.  The 
upper  basin  is  quite  shallow,  its  general  depth  being  about  8  feet. 
A  considenible  portion  of  the  bottom  of  this  reservoir  was  cleaned 
by  removing  all  stumps,  brush  and  vegetable  matter.  About  20 
acres,  however,  remain  as  they  were  when  the  reservoir  was  filled 
for  the  first  time.  The  gate-house  at  the  lower  basin  was  completed 
Nov.  13,  1887,  and  water  was  then  drawn  from  it  for  the  supply  of 
the  town.  During  the  time  the  examinations  of  the  Westliorough 
supply  printed  in  this  report  were  made,  the  overflow  and  waste  from 
the  upper  basin  entered  the  lower  one,  but  in  1889  the  waste  pipe 
from  the  upper  basin  was  carried  through  the  lower  one  and  now 
discharges  below  the  lower  dam.  The  water  in  the  upper  basin  is 
now  kept  sufficiently  low  to  store  the  water  of  storms  and  prevent 
overflow  into  the  lower  one  ;  so  that  the  lower  basin  receives  water 
from  the  upper  one  only  by  filtration  through  the  gravel  ridges 
between  the  basins ;  this  quantity  is  sufficient  at  present  for  the 
supply  of  the  town. 
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The  watershed  of  Sandra  Pond  is  generally  farming  land  with 
considerable  woodland.  Its  area  is  about  700  acres,  and  it  contains 
a  very  small  population.  The  water  ia  distributed  by  gravity.  Dis- 
tributing mains  are  of  cast  iron.  Service  pipes  are  of  wrought  iron. 
Complaints  of  a  disagreeable  taste  and  odor  in  the  water  supplied 
to  consumers  were  made  during  every  year  after  the  works  were 
constructed  until  1888. 


Chemical  Examinalion  of  WcUerfrom  the  Storage  Beiervoir  of  the  Westborough 
Water  Works. 
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Water  Supply  of  Westborouoh  Insane  Hospital,  West- 
borough. 

This  13  a  Bupply  to  a  public  institutioQ  which  haa  a  population 
averaging  about  500  people.  The  works  were  built  in  1886.  The 
source  of  supply  is  a  system  of  tubular  wells  near  the  shore  of 
Chauney  Pond.  The  wells  are  32  in  number,  two  inches  in  diam- 
eter and  in  some  cases  50  feet  deep.  Water  is  pumped  to  an  open 
iron  tank  23  feet  in  diameter  and  40  feet  in  height.  The  tank  rests 
on  the  top  of  a  brick  tower  70  feet  in  height.  Distributing  mains 
are  of  cast  iron  ;  service  pipes  are  of  galvanized  iron  and  lead. 

Chauney  Pond  haa  an  area  of  about  205  acres,  and  was  used  as  a 
source  of  water  supply  for  the  Reform  School,  which  was  located  in 
the  buildings  now  occupied  by  the  hospital. 

Chemical  ExamimUion  of  Water  from  the  Tubular  Wells  at  the  Weslborough 
Inaane  Sotpiial. 
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diemkal  ExaminaCion  of  Water  from  the  Tubular  WelU  at  the  Westbnrough 
Insane  IToa^tdU— Conduded. 
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Water  Supply  op  "West  Brookfielo. 
Description  of  TToris.  —  Population  in  1885,  1,747.  The  towQ 
is  supplied  with  water  by  aevoral  nquGduct  compaDiea  from  springs 
in  the  hills  about  the  town.  The  water  is  distributed  by  gravity 
and  the  distributing  mains  are  in  most  cases  very  small.  The  more 
important  supplies  are  described  below. 
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1.  The  Cement  Aqueduct  Company.  —  This  company  introduced 
water  in  1872,  and  supplied  about  40  families  in  1887.  The  sources 
of  supply  are  two  collecting  galleries  on  the  side  of  a  hill.  One 
gallery  is  130  feet  long,  3  feet  wide  and  C  feet  deep.  The  second 
gallery  is  30  feet  long,  3  feet  wide  and  6  feet  deep.  Distributing 
mains  are  of  wrought  iron  lined  with  cement ;  Betrice  pipes  are  of 
lead. 

2.  Quaboag  Aqueduct  Company. — This  company  Introduced 
water  about  the  year  1852,  and  supplied  about  40  families  in  1887. 
The  sources  of  supply  are  two  wells.  Water  is  distributed  by 
gravity.     Distributing  mains  and  service  pipes  are  of  lead. 

3.  West  Brookfield  Aqueduct  Company. — This  company  intro- 
duced water  about  1838,  and  supplied  about  60  families  in  1887. 
The  sources  of  supply  are  two  collecting  galleries  on  the  side  of  a 
hill.  One  gallery  is  about  160  feet  long,  2J  feet  wide,  and  8  feet 
deep.  The  second  gallery  is  about  ten  feet  long,  2  feet  wide  and 
4  feet  deep.     Distributing  mains  and  service  pipes  are  of  lead. 


Chemical  Examtnniion  of  Water  from  the  Cement  Aqueduct  Company^s  Springi, 
West  Brookfield. 
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Chtmieai  ExamiwUion  of  Water  from  the  Qu^Mtag  Aqueduct  Company's  Springi, 
West  BrookJUId. 
[run  pwioojioo.] 
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Chemical  Examination  of  Water  from  the  We»t  BrookJUid  Aqueduct  Company's 
Springe. 

[PUU  p«  1«I.I)(D.] 


_ 

.™..„., 

iS"™™,, 

1 

»„. 

oen 

i 

1 

|i 

f 

! 

i 

1 

li 

1 

I 

il 

1 

1 

tab 

Jautl&.jVnaia 

A«g.li'Adg.lB 

Apr.  W  Apr.  IT 

Hon.. 
BllEht. 

SUgbt. 

0.0 
0.0 

1.U 

«.7T 

.0. 

.KM 
.0000 

.0013 
.MOt 

.oou 

.00 

.MOO 

0.0 

<.T3 

-OOOl 

-OOiT 

.11 

.0«0 



' 

Odor.  Don*. Tha  umplM  mm  eollMitad  fram  ■  tvatM  to  tb«  vlllitB. 

Sfieroseopieal  Examinaiion. 

ADrtl,18e«.    l.BlDa-greanatgB.OJ);   2.  Olber  ■!■■,  pr.;   S.  Punfl,  0.0;  i.  ADlraal  to 
Qroapi  nod  prlDelp«l  i«un>  of  orfiAtuBi  obwrred :    I.  DUUnucaie. 


Water  Supply  of  Westfield. 

Description  of  ITorfcs.  —  Population  in  1885,  8,961.     Tiie  works 

are  owned  by  the  town  and  were  built  in  1874.     There  were  1,481 

families  supplied  in  1888.     The  source  of  supply  ia  Moose  Meadow 
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Brook,  in  Montgomery,  on  which  a  storage  and  a.  distributing  reser- 
voir are  Imilt.  The  storage  reservoir  is  located  in  n  mountain  gorge. 
Its  area  is  38  acres,  and  its  capacity  1S4,000,000  gallons.  The 
Blopes  are  very  abrupt,  and  the  average  depth  of  the  reseiToir 
is  15  feet ;  the  maximum  depth  is  30  feet.  The  bottom  was 
originally  a  meadow,  but  the  muck  and  vegetable  growth  were 
remoTed  when  the  reservoir  was  built.  The  distributing  reservoir, 
known  as  Tekoa  reservoir,  is  about  2^  miles  from  the  storage  reser- 
voir, and  is  formed  like  the  latter  by  a  dam  across  Moose  Meadow 
Brook.  Its  area  is  about  1}  acres  and  its  capacity  is  4,500,000 
gallons.  The  maximum  depth  of  the  reservoir  is  14J  feet  and  the 
slopes  are  abrupt.  All  muck  was  removed  from  the  bottom  of  the 
reservoir  when  it  was  constructed,  and  tbeliottom  is  of  gravel  and 
rock.  Water  flows  from  the  storage  to  the  distributing  reservoir  in 
the  channel  of  the  brook,  falling  about  480  feet  in  its  course  from 
the  storage  reservoir.  The  area  of  the  watershed  of  the  storage 
reservoir  is  2  square  miles ;  that  of  the  distributing  reservoir  ia 
alxiut  '2\  square  miles,  making  the  total  area  of  watershed  at  the 
outlet  of  the  distributing  reservoir  4^^  square  miles.  The  areas  are 
rocky  and  mountainous  and  contain  a  very  small  population.  The 
distributing  mains  are  of  cast  iron ;  service  pipes  are  of  wrought 
iron  lined  with  cement.  It  is  stated  in  the  annual  reports  that  there 
was  a  disagreeable  taste  and  odor  iu  the  water  supplied  to  consumers 
during  a  time  when  water  was  being  drawn  from  the  bottom  of  the 
reservoir  in  1876. 

Chemieal  ExaminaUon  of  Water  frnm  the  Storage  Reservoir  of  the    WMlficld 
Water  Works. 
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Water  Supply  op  West  SpRixariELD.  —  West  Sprinofield 
Aqueduct  Company. 
Description  of  Works.  — Population  in  1885,  4,448.  The  works 
are  owned  by  the  West  Springfield  Aqueduct  Company,  and-  were 
built  in  1875.  The  source  of  supply  is  Darby  Brook  in  West 
Springfield,  on  which  a  small  storage  reservoir  iu  built.  The  area 
of  the  reservoir  is  about  3  acres  and  its  maximum  depth  is  about  14 
feet.  The  bottom  is  of  gravel.  The  watershed  is  uninhabited  and 
much  of  it  is  woodland.  Water  is  distributed  by  gravity.  Distrib- 
uting mains  are  of  wrought  iron  lined  with  cement;  service  pipes 
are  of  wrought  iron. 
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Chemical  Examinaiion  of  Water  from  the  Storage  Beservoir  of  the  Weat  Spring- 
field  Aqueduct  Company. 

[P«rU  ptr  IflO.flOO.] 
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Microscopical  Examinaiion. 
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Water  Supply  op  WErMOUTH. 
Description  of  Works.  —  Population  in  1885,  10,740.     The  worka 
are  owned  by  the  town.     Water  was  introduced  in  1885  ;  the  aver- 
age daily  consumption  in  1888  was  estimated  to  ha.v6  been  about 
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563,000  gallons.  The  source  of  supply  is  Great  Pond  in  Wey- 
mouth. The  area  of  the  poad  Is  290  acres  and  its  general  depth  is 
@aid  to  be  about  12  feet.  Some  portions  of  the  pond  are  quite  shal- 
low. The  watershed  of  631  acres,  exclusive  of  the  area  of  the 
pond,  contains  a  small  population,  and  there  is  considerable  swamp 
land  in  the  vicinity  of  the  pond.  Water  flows  by  gravity  to  a 
pumping  station,  from  which  a  portion  of  it  is  distributed  by  gravity 
to  the  lower  parts  of  the  town.  The  remainder  is  pumped  to  an 
open  iron  tank,  40  feet  in  diameter  and  75  feet  in  height,  from  which 
it  is  distributed  to  the  high-service  districts.  In  case  of  fire  the 
high  and  low  service  systems  are  connected  if  necessary.  Distrib- 
uting mains  are  of  cast  iron ;  service  pipes  are  generally  of  wrought 
iron,  a  few  being  of  lead. 


Chemical  Examination  of  Water  from  Great  Pond,  WeymotiOi. 

IPiru  per  100,000.] 
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Chemical  Examinalion  of  Witter  from  Faucets  in  Wei/mouth  supplied  from  the 
Weymmlh  Water  Works. 
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Chemical  Examirtation  of  WiUerfrom  the  Tank  of  (lie  Weymouth  WaUr  Works, 
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Water  Supply  of  Whitman. 
Description  of  Works.  — Population  in  1885,  3,595.  The  works 
are  owned  by  the  town  and  were  built  in  1883.  The  average  daily 
consumption  for  the  last  six  months  of  1888  waa  93,32S)  gullous. 
The  present  source  of  supply  is  a  filter-gallery  on  the  easterly  shoie 
of  Hobart's  Pond  in  Whitmiin,  The  filter-gallery  was  first  used  in 
the  sunimer  of  1887,  but  its  use  was  afterwards  discontinued  for  a 
time.  The  supply  of  the  town  has  been  drawn  from  it  continuously 
since  May  28,   1888.     The  lilter-gallery  is  built  in  two  sections. 


»■] 


WATER  SUPPLY  AND  SEWERAGE. 


359 


The  first  section  is  100  feet  long,  15  feet  wide  and  14  feet  liigli ;  its 
bottom  id  About  12  feet  below  high  water  in  the  pond.  At  the 
northerly  end  of  this  section  is  a  smaller  gallery,  41(i  feet  long,  18 
inches  wide  and  20  inches  high.  The  arch  and  side  walls  are  of 
brick.  There  is  also  a  direct  connection  between  the  filter-gallery 
and  the  pond.  Hobart's  Pond  is  a  mill  pond  on  the  Shumatuscucant 
Kiver,  one  of  the  headwaters  of  the  Taunton  River,  and  was  formed 
many  years  ago.  Its  area  is  175  acres.  It  is  very  shallow  and 
much  of  the  area  of  the  pond  is  covered  with  a  growth  of  water 
bushes  and  aquatic  plants.  The  capacity  of  the  pond  above  a  plane 
three  feet  below  high  water  is  said  to  be  58,500,000  gallons.  The 
area  of  the  watershed  of  the  river  at  the  outlet  of  Hobart's  Pond  is 
6.4  square  miles,  as  estimated  from  the  new  topographical  map  of 
Massachusetts.  It  includes  the  villages  of  Abington  and  North 
Abington,  and  a  small  portion  of  Whitman.  Pumps  force  the  water 
from  the  filter-gallery  to  the  distributing  mains  and  to  an  open  iron 
tank  situated  on  the  opposite  side  of  the  village  from  the  pumping 
station.  The  tank  is  20  feet  in  diameter  and  105  feet  in  height. 
The  distributing  mains  are  of  wrought  iron  lined  with  cement.  Ser- 
vice pipes  are  of  wrought  iron  and  of  lead ;  the  latter  is  used  for  all 
extensions. 

Chemical  Examination  of  Water  from  the  Filler- OaUery  of  l/ie  Whitman 
Water  Works. 
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Chemical  Examination  of  Water  from  the  Filter-  OaUery  of  the  Whitman  Water 
Worki — Concl  uded. 
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Chemical  Examination  of  Water  from  HobarCs  Pond  in  Whitmnn. 
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Chemical  Examination  of  Water  from  HobarC a  Pondin  Whitman — Concluded. 
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Water  Supply  of  WilliamStown. — Wiluamstown  Aqueduct 

COMPASY. 

Dexcriplion  of  Works.  — Population  in  1885,  3,729.  The  works 
are  owned  by  the  Williamstown  Aqueduct  Company  and  were  built 
in  1859.  About  1,.500  people  were  supplied  in  ,1887.  The  60ui-ce 
of  supply  is  a  spring'near  the  base  of  a  mountain  southwest  of  the 
villiigc.  The  water  of  the  spring  was  originally  stored  in  a  covered 
basin,  12  feet  long,  10  feet  wide  and  5  feet  deep.  In  1887  a  new 
reservoir  was  built  just  below  the  old  one,  50  feet  long,  30  feet  wide 
and  5  feet  deep.  About  Dec.  1,  1887,  the  new  reservoir  was 
covered.  Water  is  distributed  by  gravity.  Distributing  mains  are 
of  ca.st  iron ;  service  pipes  are  of  wrought  iron.  Another  aqueduct 
company  built  works  in  1888  to  supply  water  from  Sherman  Spring, 
situated  southeast  of  the  village,  but  consolidated  with  the  Williams- 
town  Aqueduct  Company  a  short  time  after  the  works  were  com- 
pleted. 

ChcMical  Examination  of  Water  from  a  Faucet  in  Williamalown,  supplied  from 
the  Works  of  the  WiUiamstown  Aqueduct  Company. 
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■W'atee  Supply  of  Winchendon. 
Population  in  1885,  3,872.  A  small  number  of  families  in  tliis 
*t>VTn  are  supplied  with  water  by  gravity  from  three  springs  on  Ben- 
J**-tiiiti  Hill,  The  analysis  of  water  drawn  from  the  spring  supplying 
••*e  largest  number  of  families  is  given  below.  An  analysis  of 
^^uter  from  a  test  well,  made  in  connection  with  investigations  for  a 
Public  water  supply  for  the  town,  is  also  given. 

Chaiiieal  Examination  of  Water  from  a  Spring  on  Benjamin  Hill,  Winchendon. 
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Chemical  Examination  of  Water  from  a  Ikibular  Well  in  Winchendon. 
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■WATER  SUPPLY  AND   SEWERAGE. 

Wateh  Supply  of  Winchestee. 
Description  of  Worfci*.  —  Population  in  1885,  4,390.  The  works 
are  owned  by  the  town,  aod  were  built  in  1873.  There  were  926 
water  takers  in  1888.  The  source  of  supply  is  a  storage  reservoir 
in  Winchester  and  Stonehaui.  The  area  of  the  reservoir  is  153  acres 
and  its  capacity  is  259,000,000  gallons.  Its  maximum  depth  is  25 
feet  and  its  average  depth  13  feet.  The  watershed  of  392  acres, 
exclusive  of  the  area  of  the  reservoir,  is  generally  well  wooded  and 
is  uninhabited.  The  principal  portion  of  the  town  is  supplied  by 
gravity  directly  from  the  storage  reservoir.  The  higher  portions  of 
the  town  are  supplied  from  the  high-service  system,  the  water  for 
which  is  pumped  by  a  windmill  from  the  storage  reseri'oir  to  a 
small  covered  distributing  reservoir  and  to  the  high-service  distrib- 
uting pipes.  A  steam  pump  is  also  provided  for  use  when  the  wind 
power  is  insufficient.  It  was  used  six  times  during  the  year  1889. 
The  walls  of  the  distributing  reservoir  are  perpendicular,  and  are 
built  of  stone  laid  in  cement;  the  bottom  is  formed  of  the  same 
material.  The  capacity  of  this  reservoir  is  100,000  gallons.  The= 
distributing  mains  are  of  wrought  iron  lined  with  cement.  Service- 
pipes  are  of  wrought  iron  lined  with  rubber  or  witli  cement ;  the- 
latter  has  been  used  for  new  service  pipes  for  several  years.  Com- 
plaints have  5een  made  at  times  during  several  yeara  of  a  disagree- 
able odor  and  taste  in  the  water  furnished  to  consumei-s.  Then 
were  no  serious  complaints  in  the  yeai*3  1887  and  1888, 

Chtmical  Examination  of  Wnttr  from  a  Faucet  in  WiiKhesUr,  supplietl  i 
WinchcxtcT  Water  Works. 
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Water  Supply  op  Wisthrop. 
This  town  is  supplied  jointly  with  Revere  by  the  Revere  Water 
Company.     See  Revere,  p.  281. 


Water  Supply  of  Woburn. 
Descriiition  of  Works.  — Population  in  1885, 11,750.  The  works 
are  owned  by  the  city.  Water  was  introduced  Sept.  1,  1873.  The 
average  daily  consumption  for  1888  was  769, (iOO  gallons.  The  source 
of  supply  is  a  filter-gallery  on  the  southern  shore  of  Horn  Pond  in 
Woburn.  The  filter-gallery  is  about  130  feet  distant  from  the  shore 
of  the  pond  ;  it  is  82  feet  long  and  12  feet  wide  inside,  and  is  cov- 
ered by  a  semicircular  brick  arch.  Tlie  side  walls  are  9  feet  high, 
and  the  bottom  of  the  gallery  is  about  8  feet  below  high  water  in 
the  pond.  Pumps  force  the  water  from  the  gallery  to  the  main 
pipe  loading  to  the  town,  and  to  an  open  distributing  reservoir  on 
Horn  Pond  Mountain  near  the  pond.  The  shape  of  the  i-eser- 
voir  is  irregular.  The  Iiottom  and  two  sides  are  of  ledge,  and  the 
remaining  two  sides  are  stone  walls.  Its  maximum  depth,  when 
full,  is  23  feet,  and  its  capacity  is  6,000,000  gallons.  Distributing 
mains  and  service  pipes  are  of  wrought  iron  lined  with  cement. 
Enamelled  iron  was  formerly  used  for  service  pipes.  There  have 
been  frefjuent  complaints  of  a  taste  and  odor  in  the  water  supplied 
to  consumers,  usually  during  the  summer  months,  at  times  n'hen 
the  pumps  were  not  running  and  water  was  l>eing  drawn  directly 
from  the  reservoir.  This  trouble  is  attributed  to  the  growth  of 
alga'  in  the  reservoir.     Horn  Pond  has  an  area  of  103  acres.     It» 
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watershed,  of  4,760  acres,  contains  a  large  population  and  several 
tanneries  and  currying  establishments.  The  pond  is  within  the 
drainage  area  of  Upper  Mystic  Lake,  and  consequently  furnishes  a 
portion  of  the  supply  of  the  Mystic  Works  of  Boston. 


Chemical  Examination  of  Water  from  the  Filler-Gallery  of  tlie   Woburn  Water 

Works. 
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TInrdness  In  May,  1888,  5.3.    Odor,  none,  rarely  vegetatile. The  samples  were  collected  from  a 

faucet  at  the  pumping  station  while  pumpititf.  or  from  the  pump  wcM. 
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Chemical  Examination  of  Water  from  the  Distributing  Rtaervoir  of  the  Wobum 

Water  Works. 
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Chemical  Examination  of  Water  from  the  IHslributinc/  Reservoir  of  the  Woburn 
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Chemieal  Examination  of  Water  from  Horn  Fond  in  Wobum — Concladed. 
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WATER  SUPPLY  AND  SEWERAGE. 
JUiervtcopical  Examinalion. 
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Water  Supply  of  Worcester. 
Description  of  IForis.  — Population  in  1885,  68.389.  The 
works  are  owned  by  the  city.  Water  was  introduced  in  1845,  The 
estimated  average  daily  consumption  in  1888  waa  4,634,925  g:i1lon3. 
The  present  sources  of  supply  are  Lynde  Brook  in  Leicester  and 
Tatnuck  Brook  in  Ilolden.  On  each  of  these  brooks  a  storage 
reservoir  is  built. 
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Lynde  Brook  storage  reservoir  was  built  in  1864.  The  dam  was 
raised  in  1870  and  1871,  and  was  carried  away  in  March,  1876.  The 
preecnt  dam  was  then  constructed.  The  area  of  the  reservoir  is 
143  acres,  and  its  capacity  is  681,000,000  gallons.  Portions  of  the 
bottom  are  muddy.  The  maximum  depth  of  the  reservoir  is  37.4 
feet,  and  its  average  depth  14.6  feet.  The  shores  are  generally 
steep.  Water  flows  by  gravity  from  the  storage  reservoir  to  the 
Hunt  distributing  reservoir,  located  within  the  city  limits.  This 
reservoir  is  rectangular  in  shape,  and  its. capacity  is  about  3,000,000 
gallons.  The  bottom  and  slopes  are  paved.  Water  entering  the 
reservoir  is  aerated  by  being  discharged  from  a  vertical  pipe  having 
its  top  12  feet  above  the  water  in  the  resen'oir.  • 

Tatnuck  Brook  storage  reservoir  was  built  in  1883.  The  area  of 
the  reservoir  is  04.5  acres,  and  its  capacity  is  450,000,000  gallons. 
Portions  of  the  bottom  are  muddy.  Its  average  depth  is  14.6  feet. 
The  shores  of  this  reservoir  are  abrupt,  with  the  exception  of  a 
small  portion  at  the  upper  end.  Water  flows  from  the  stonige  to  a 
distrilniting  reservoir,  also  situated  on  Tatnuck  Brook,  about  one 
mile  further  down  stream  and  80  feet  lower  than  the  storage  reser- 
voir. The  distributing  reservoir  is  irregular  in  shape,  and  its 
capacity  is  about  2,500,000  gallons.  The  slopes  and  bottom  are 
paved. 

The  area  of  the  watershed  of  Leicester  storage  reservoir  is 
1,870  acres  ;  tliatof  Ilolden  storage  reservoir  is  2,915  acres.  These 
areas  are  of  the  same  general  character.  The  country  in  the  region 
of  the  reservoirs  is  very  hilly,  and  about  one-half  of  each  area  is 
covered  with  wood,  the  remainder  being  devoted  to  pastufago  and 
cultivation.  The  soil  is  generally  of  clay  or  rock.  There  i3  a  small 
agricultural  population  on  each  area. 

Bell  Pond,  in  the  eastern  part  of  the  city,  is  used  as  a  distribut- 
ing reservoir,  and  is  generally  filled  from  the  Leicester  supply, 
though  it  has  a  small  watershed  which  supplies  a  portion  of  the 
water  used  from  it.  Water  is  distributed  by  gravity.  The  original 
distributinfj  mains  were  of  wroujrht  iron  lined  with  cement.  Cast 
iron  has  been  used  for  many  years,  and  at  present  about  three-fifths 
of  the  distributing  mains  are  of  cast  iron.  Service  pipes  are  gener- 
ally of  wrought  iron  lined  with  cement. 
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C/iemical  Examination  of  Water  from  Bell  Pond,  Worcester. 
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DESCRIPTIONS    OF   THE   RIVER   BASINS;    CHEMICAL   AND 
BIOLOGICAL  EXAMINATIONS  OF  THE  WATERS. 


EXPLANATORY  NOTE. 

In  the  following  tabulations  the  main  river  basins  of  the  State  are  arranged  in 
alphabetical  order,  and  the  subonlinate  basins  are  grouped  with  the  main  basin  to 
which  they  belong.  An  exception  to  this  rule  is  made  in  the  case  of  the  Merri- 
mack and  Connecticut  rivers,  whose  affluents  within  the  State  are  not  grouped 
with  them,  but  are  treated  as  main  river  basins.  The  areas  of  the  watei*sheds  of 
the  rivers  within  the  State  have  been  measured  in  nearly  all  cases  from  the 
topographical  map  made  from  the  recent  survey  of  the  State.  Exceptions  to  this 
rule  will  be  noticed  where  they  occur. 

The  populations  on  the  watersheds  in  Massachusetts  are  based  upon  the  State 
Census  of  1885 ;  in  other  States  upon  the  United  States  Census  of  1880.  Where 
a  town  is  in  two  or  more  watersheds  its  total  population  has  been  divided  among 
them  in  proportion  to  the  number  of  houses  in  each,  as  counted  from  the  latest 
atlases. 

The  amount  of  rainfall  has  been  above  the  aveitige  during  the  years  covered 
by  these  investigationa  (June,  1887,  to  May,  1889,  inclusive),  and  the  flow  of  the 
streams  has  been  correspondingly  high,  so  that  the  analyses  do  not  represent  the 
polluted  streams  in  their  worst  condition. 

The  tables  of  chemical  and  microscopical  examinations  of  the  waters  are 
similar  in  all  respects  to  those  already  given  under  the  head  of  **  Water  Supplies  " 
and  explained  on  pp.  3-5  of  this  report. 
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DESCRIPTIONS    OF   THE   RIVER  BASINS;    CHEMICAL   AND 
BIOLOGICAL  EXAMINATIONS  OF  THE  WATERS. 


Blackstone  River. 

The  Blackstone  River  is  formed  by  the  confluence  of  Kettle  and 
Mill  brooks  at  Quinsigamond  Village  in  the  southerly  part  of  the 
city  of  Worcester,  and  flows  thence  in  a  generally  south-easterly 
direction  to  tide  water  at  Pawtucket,  Rhode  Island,  crossing  the 
State  line  at  Blackstone.  The  drainage  area  of  the  river  at  Black- 
stone  —  not  including  Mill  River,  a  tributary  which  unites  with  it 
below  the  State  line  —  is  260  square  miles. 

The  Blackstone  Valley  contained  naturally  a  large  number  of 
lakes  and  ponds.  In  order  to  supply  water  for  power  to  the  mills, 
which  occupy  nearly  every  available  site  in  the  valley,  many  of  these 
natural  bodies  of  water  have  been  raised,  and,  in  addition,  many 
large  artificial  storage  reservoirs  have  been  built.  This  very  com- 
plete development  of  the  water  power  in  this  valley  acts  in  two 
ways  as  regards  the  pollution  of  the  river.  The  mills  discharge 
into  the  stream  a  large  amount  of  manufacturing  sewage,  while  on 
the  other  hand  the  dry  weather  flow  of  the  stream  is  kept  unusually 
high  by  the  large  amount  of  water  stored.  The  land  in  the  valley  is 
generally  hilly  and  rolling  and  not  very  well  wooded.  There  are 
very  few  areas  of  swamp  or  other  low  lands  subject  to  inundation. 

The  city  of  Worcester  has  a  water  supply  from  the  head  waters 
of  tributaries  of  the  Blackstone  River,  and  a  system  of  sewerage 
with  an  aggregate  of  71  miles  of  sewers,  which  discharges  sewage 
into  the  river  chiefly  through  Mill  Brook  just  below  the  village  of 
Quinsigamond.  Three  of  the  towns  in  the  valley,  Grafton,  Uxbridge 
and  Northbridge,  have  public  water  supplies,  but  none  of  these  places 
has  at  present  a  system  of  aewerage;  consequently  the  pollution 
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from  domestic  sewage  is  very  much  less  in  proportion  to  the  popu- 
lation outside  of  Worcester  than  in  it. 

The  main  source  of  pollution  is  the  sewage  of  the  city  of  Wor- 
cester, which  had  in  1888  an  estimated  population  of  76,500.  From 
the  point  where  this  sewage  is  discharged  to  the  State  line,  a  distance 
of  about  20  miles,  the  river  falls  approximately  220  feet.  The  more 
recent  examinations  of  the  Board  have  been  confined  to  this  portion 
of  the  river. 

Examinations  of  samples  of  water  collected  at  three  points  have 
been  made  monthly  since  June,  1887,  and  records  of  the  flow  of 
water  at  four  points  were  kept  from  September,  1887,  to  December, 
1888  ;  tables  giving  the  results  are  appended.  The  statistics  regard- 
ing the  size  of  the  drainage  area  at  each  of  those  points  and  of  the 
population  above  the  points  where  samples  of  water  were  collected 
for  analysis  are  given  in  the  following  table ;  also,  the  distance  to 
each  of  these  places  from  the  point  where  the  sewage  of  Worcester 
is  discharged  into  the  river. 


LOCALITY. 


Distance 

below 

Point  <if  1)18- 

chanro  of 
■Worcester 

Drainage 
Area. 

Eatimntod 

Top  Hint  ion 

(l*ft>). 

Miles. 

8<i.  Miles. 

ropniatfon 
P-r 

Mile. 


1.  At  Uiu  (^uin^lgilrao^^l  Iron  and  Wire  Works,* 

2.  At  the  t*irr>t  hrid{;o  below  Quinsigamond  Vil1nKC,t .  ] 

I 
8.  At  the  dam  of  the  Cordis  Manufg  Co.,  Millbury,*  j 

4.  At  th'>  iipiM^r  dam  of  the  Calumet  Woolen  Co.,  ' 
Uxbild.i;i-.*1 I 

6.  At  the  duni  lit  MillvUIe,  Blackatone,t       .        •        •' 

I 
0.  At  the  dam  of  the  HluckHtone  MaDuft;  Co.,  Black- 
stone  * 


0 
1 
5 

17 
24 

20 


63.0 

- 

63.9 

77,500 

77.9 

- 

145.9 

90,900 

258.1 

102,800 

260.3 

1 

- 

1,213 

623 
398 


*  TointA  at  which  measnrcmcnts  of  the  flow  of  tho  river  were  made. 
t  roiutii  at  which  aumplei*  of  water  were  collected. 


It  will  l)c  seen  from  this  table  that  the  population  is  much  more 
dense  in  the  upper  part  of  the  valley  than  in  the  valley  as  a  whole. 

A  careful  examination  of  this  river  basin  was  made  by  the  State 
Board  of  Health  in  1875,  and  a  list  was  prepared  of  all  the  mills 
and  factories  in  the  valley,  which  may  be  found  in  the  report  of  the 
Board  for  1870,  pp.  74-81.  A  summary  of  the  results  is  given  in 
the  following  table  taken  from  p.  82  of  the  same  report. 
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MAKUFACTCRES. 


Woolen  mills, 

Cotton  mlllf, 

Iron  works, 

Tanneries, 

Shambles, 

Totals, 

NoTK. — Saw  and  grist  mills  are  not  considered  pollatlng. 


Opentlret 
employed. 


A  further  examination  of  this  valley  was  made  by  the  Massachu- 
setts Drainage  Commission  in  1885.* 

In  choosing  the  places  for  collecting  samples  of  water  for  analysis, 
care  was  taken  in  each  case  to  select  a  point  a  considerable  distance 
below  any  source  of  pollution,  so  that  the  polluting  substances  enter- 
ing the  river  might  be  uniformly  mixed  with  the  water.  The  first 
point  selected  is  in  Worcester  nearly  a  mile  below  the  mouth  of 
Mill  Brook.  It  represents  the  portion  of  the  river  where  the  dilu- 
tion of  the  sewage  is  least.  The  second  place  for  collecting  samples, 
at  the  Calumet  Woolen  Mill  in  Uxbridge,  is  16  miles  below  the  first 
point.  In  this  distance  the  water  passes  through  twelve  mill  ponds 
and  falls  a  total  distance  of  about  170  feet.  The  drainage  area  at 
the  lower  point  is  128  per  cent,  greater  than  at  the  upper  point, 
and  the  flow  of  the  stream  increases  in  about  the  same  proportion. 
On  the  other  hand  the  population  at  the  lower  point  is  only  18  per 
cent,  greater  than  at  the  upper  one.  It  is  therefore  obvious  that  thn 
river  water  will  become  rapidly  purer  going  down  stream,  on  account 
of  the  great  dilution,  independent  of  any  purification  of  the  water 
which  may  result  from  other  causes.  On  the  river  and  its  tribu- 
taries between  these  points  there  were,  in  1885,  30  mills  (including 
9  woolen  mills)  employing  2,540  operatives. 

At  Millville,  the  lowest  point  on  the  river  where  samples  are  taken, 
the  drainage  area  is  four  times  as  great  as  at  the  first  point,  and  the 
population  is  but  34  per  cent,  greater.  The  distance  between  the 
second  and  third  points  is  about  7  miles.  The  number  of  mills 
upon  this  portion  of  the  river  in  1885  was  14,  including  5  woolen 
mills,  and  the  number  of  operatives  employed  was  2,986. 


*  Report  of  a  Commission  appointed  to  consider  a  General  Svstem  of  Drainage  for  tlie 
Valleys  of  the  Mystic,  Blackstone  and  Charles  rivers,  pp.  05-110. 
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The  Blackstoiifl  U,  at  the  present  time,  the  most  polluted  rive 
Massachusetts;  a  result  which  is  due  for  the  most  part,  as  already 
stilted,  to  the  sewage  of  the  city  of  Worcester,  though  the  pollution 
is  increased  to  an  appreciable  extent  by  the  sewage  and  waste 
discharged  into  the  stream  from  the  many  factories  upon  it  and  its 
tributaries. 

The  most  polluted  portion  of  the  river  is  within  a  few  miles  of 
and  below  the  point  where  the  Worcester  sewage  enters  it,  and 
particularly  in  the  town  of  Millbury,  where  there  are  several  mill 
ponds  which  act  as  settling  basins  to  retain  foul  deposits.  In  this 
portion  of  the  river,  and  for  a  considerable  distance  below  Mill- 
bury,  the  water  is  not  only  very  offensive  at  times  of  low  flow,  but 
it  is  stated  that  it  is  so  dirty  that  it  cannot  be  used  for  making  light- 
colored  clotlis,  and  is  unfit  for  use  in  boilers,  as  it  causes  foaming 
and  corrosion.  The  latter  may  be  due  in  part  to  the  large  amount 
of  acid  used  by  the  iron  manufacturers  in  Worcester,  some  of  which 
finds  its  way  into  the  river,  the  water  of  which  has  at  times,  belorf 
Worcester,  an  acid  reaction. 

Analyses  made  at  Uxbridgc,  17  miles  below  the  outlet  of  Wor^ 
cestor  sewage,  show  a  marked  improvement  in  the  quality  of  the 
river  water,  due  largely  to  dilution  by  purer  water  from  the  triba- 
taries.  The  water  at  this  point  is  still  highly  polluted,  but  is  not 
generally  offensive  to  those  living  near  its  banks.  At  MillvUle, 
above  the  dam,  the  analyses  show  that  the  river  water  is  still  polluted, 
but  the  water  at  this  place  is  entirely  inoffensive.  As  above,  this 
improvement  in  its  quality  is  due  largely  to  dilution,  but  it  is  also 
due  in  part  to  the  chemical  changes  wliich  have  taken  place  in  the 
water  during  its  flow  down  the  river.  This  feature  will  receive 
further  discussion  in  a  subsequent  portion  of  this  report. 

The  city  of  ^V'orcester  is  now  constioicting  ivorks  which  will  soon 
be  in  operation  to  clarify  its  sewage  by  chemical  precipitation  before 
discharging  it  into  the  river. 

In  addition  to  the  tables  of  analyses  of  the  water  of  the  river  at 
three  points  given  below,  examinations  of  other  surface  waters  in 
the  basin  have  been  made,  and  are  given  in  the  preceding  portion  of 
this  report  as  follows  :  — 

Leicester,  Kettle  Brook  in  Paxton, PAge  185 

Millbury,  Singletary  Fond piigo  229 

■Worcester,  LynUe  Brook  Storage  Reservoir,  .        ,        .  pa^  373 

WoTceBter,  Tatnuek  Brook  Storage  Reaervoir,       .       .  page  3T5 
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Chemical  F.xitminalion  of  Water  from  the  Slackstone  Biver  below  Qiiiniigarnnnd 
Village,  Worcester — Conclndod. 
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CJtemical  Examinalxon  of  Water  from  the  Slackstone  Siver  ai  Uxbridge — Con. 
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Chemical  Examination  of  Water  from  the  BlaclMlone  River  at  Milloille, 
Stacktlone — Concluded. 
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Charles  River. 

The  Charles  River  drains  an  area  of  307.5  square  miles  in  the 
eastern  part  of  Massachusetts.  It  rises  in  Milford  and  flows  in  a 
north-easterly  direction  to  Boston  Harbor,  a  distance  of  28  miles 
measured  in  a  straight  line,  and  as  many  as  70  miles  following  the 
very  circuitous  course  of  the  stream.  The  river  is  afiijcted  by  the 
tides  as  far  up  as  Watei^town,  ten  miles  above  its  mouth.  Between 
Watertown  and  Newton  Upper  Falls  the  river  falls  85  feet  in  10 
miles,  and  practically  all  of  this  fall  is  utilized  for  water  power. 
Between  Newton  Upper  Falls  and  the  southerly  part  of  Millis,  a 
distance  of  about  32  miles,  the  stream  has  a  total  fall  of  only  28  feet, 
most  of  which  is  concentrated  at  the  dams  at  Charles  River  Village 
and  South  Natick.  The  greater  part  of  the  way  the  stream  is  very 
sluggish  and  meanders  through  extensive  meadows  which  are  over- 
flowed at  high  stages  of  the  river.  The  valley  contains  few  ponds 
or  lakes  and  no  large  storage  reservoirs,  and  the  dry  weather  flow 
of  the  river  is  small. 

The  land  in  the  valley  is  generally  rolling  and  in  places  somewhat 
hilly.  The  lower  lands,  with  the  exception  of  the  meadows,  are 
generally  composed  of  gravel  or  sand.  Much  of  the  land  is 
devoted  to  farming  and  is  not  well  wooded. 

Near  Dedham  the  divide  between  the  Charles  and  Neponset 
River  valleys  is  very  low,  and  a  channel  was  dug  at  this  place  many 
years  ago,  to  divert  a  portion  of  the  water  from  the  Charles  into  the 
Neponset  River  through  Mother  Brook.  It  has  been  decided  by  the 
courts  that  Mother  Brook  is  entitled  to  one-third  of  the  water  of  the 
Charles  River  at  the  point  of  diversion. 

The  following  table  gives  statistics  of  drainage  areas  and  popula- 
tions at  several  points  on  the  river  at  and  above  Watertown. 
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The  greatest  density  of  population  is  seen  in  the  above  table  to  be 
below  Milford,  which  is  situated  near  the  head  waters  of  the  river. 
Farther  down  stream  the  population  per  square  mile  is  much  smaller 
and  remains  nearly  uniform  as  far  as  Dedhana.  Below  this  place 
the  population  in  the  valley  increases  more  and  more  rapidly  to  the 
mouth  of  the  river,  the  valley  adjoining  the  tidal  portion  of  the 
river  containing  a  very  largo  population  in  the  cities  of  Boston  and 
Cambridge. 

Many  of  the  cities  and  towns  in  this  valley  have  a  public  water 
supply.  Of  these,  Milford,  Dcdham.  Brookline,  Newton,  Wellesley, 
Waltham  and  Watertown  obtain  their  supply  from  wells  or  filter- 
galleries  on  or  near  the  banks  of  the  river;  Franklin  obtains  its 
supply  from  wells  on  the  bank  of  Mine  Brook,  one  of  the  tributaries 
of  the  river ;  Cambridge  takes  water  from  Stony  Brook,  a  tributary 
which  enters  the  river  just  above  Waltham,  and  Lincoln  obtains  a 
supply  from  Sandy  Pond  at  the  head  of  Stony  Brook.  P()rtion3  of 
the  town  of  Natick  and  of  the  West  Roxbiiry  District  of  Bostoa 
within  this  valley  are  supplied  with  water  from  outside  sources. 
More  or  less  manufacturing  and  domestic  sewage  is  turned  into  the 
river  from  the  factories  and  towns  in  the  valley,  but  no  town  baa 
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any  extensive  system  of  sewerage  discharging  into  the  river  above 
Watertown.  The  town  of  Medfield  purifies  its  sewage  by  filtration 
before  discharging  it  into  the  stream. 

An  examination  of  the  Charies  River  basin  was  made  by  the 
State  Board  of  Health  in  1875,  and  a  list  was  prepared  giving  the 
number  of  mills  and  factories  on  the  streams  in  the  valley,  the 
number  of  operatives  employed  and  other  information  relating  to 
the  pollution  of  the  river,  which  may  be  found  in  the  report  of  the 
Board  for  1876,  pp.  98-108.  A  further  examination  of  the  valley 
was  made  in  1885,  by  the  Massachusetts  Drainage  Commission,* 
the  results  of  which  are  given  in  detail  on  pp.  35-63  of  its  report. 
The  later  examination  shows  an  increase  in  the  amount  of  sewage 
and  manufacturing  waste  entering  the  river,  though  it  cannot  be 
called  a  badly  polluted  stream  above  Waltham.  Below  this  city 
the  stream  is  much  more  polluted,  particularly  its  tidal  portion,  and 
a  remedy  is  being  provided  by  the  construction  of  the  Metropolitan 
System  of  Sewerage  to  intercept  the  sewage  and  carry  it  out  to  sea. 

Examinations  of  the  river  water  were  made  monthly  from  June, 
1887,  to  May,  1889,  at  five  places,  namely,  Watertown  at  ^tna 
Mills ;  opposite  the  pumping  stations  of  the  Waltham,  Brookline 
and  Newton  water  works,  and  at  South  Natick,  Samples  were 
also  taken  occasionally  from  the  river  at  Milford^  near  the  wells  of 
the  Milford  Water  Company.  Records  of  the  flow  of  water  in  the 
river  at  Newton  Upper  Falls  and  at  Watertown,  and  of  the  flow 
in  Mother  Brook  at  East  Dedham,  were  kept  from  October,  1887, 
to  December,  1888. 

In  the  valley  above  South  Natick,  there  were  in  1885,  12  factories 
or  mills  employing  900  operatives,  which  discharged  polluting 
material  of  some  sort  into  the  stream.  The  others  were  not  thought 
to  cause  a  sensible  amount  of  pollution.  None  of  these  factories 
are  within  about  13  miles,  by  the  river,  of  the  point  where  the 
samples  were  collected  at  South  Natick.  Between  this  point  and 
the  Brookline  Pumping  Station,  there  were  in  1885  only  two  pol- 
luting mills  —  a  paper  and  a  paint  mill  —  employing  together  about 
48  hands.  The  sewage  from  Hotel  Wellesley,  which  contains  in 
summer  about  600  boarders,  and  that  from  Wellesley  College,  with 
about  the  same  population,  also  enters  the  river  or  a  tributary. 

The    distance    between  the   Brookline    and    Newton    pumping 

*  Report  of  a  Commission  appointed  to  consider  a  General  System  of  Drainage  for  the  Val- 
leys of  tbe  Mjstic,  Biackstone  and  Charles  rivers. 
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stations  is  but  three  miles,  and  there  are  no  mills  or  popula- 
tion between  these  points  to  appreciably  affect  the  quality  of  the 
water.  Between  the  Newton  and  Wiiltham  pumping  stations  the 
manufacturing  villages  of  Newton  Upper  and  Lower  Falls  are  situ- 
ated, and  there  were,  in  IHSb,  15  mills,  employing  about  1,030 
operatives,  of  which  four,  employing  4(J5  operatives,  were  not  con- 
sidered polluting.  On  the  river  between  the  Waltham  Pumping 
Station  and  the  ^Etna  Slills  at  Watertown  there  is  a  large  concen- 
trated population  in  the  city  of  Waltham,  and  there  were,  in  1885, 
six  mills,  employing  4,170  hands,  which  discharged  polluting 
material  of  some  sort  into  the  stream. 

Tables  of  analyses  of  the  river  water,  with  a  summary  of  the 
same,  and  tables  of  the  volume  Howing  in  the  river  are  appended. 
Analyses  of  other  surface  waters  in  the  valley  have  already  been 
published  in  the  preceding  portion  of  this  report  as  follows  :  — 

Cambridge,  Stony  Brook  Resorvoir  in  Wallliaiii,     .        .  page    89 

Concord,  Sandj  Ponil  in  Lincoln, page  108 

Franklin,  Beavar  Pond, page  133 

Fraaklin,  Miae  Brook, pitge  133 

Needham,  Rosemary  Pond page  237 

Newton,  Hammond's  Pond, page  249 

Wellesley,  Rosemary  Brook, page  346 

Welloaley,  Waban  Lake, page  347 
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Chemical  Enaminalion  of  WiUer/rom  the  Charlet  Siver  at  South  Naliek. 
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Microxcipieal  Examinalion. 
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Chemical  Examination  of  Water  from  Charles  Jtiver  opposite  the  Filter- G<i He ry 
of  tlie  Brooktine  Water  Works  at  West  Roxbury. 
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Chemical  Examination  of  Water  from  Charlet  Sioer  oppotile  the  FiUer-OalUri/ 
of  the  Brookline  Wafer  Works  at  Weat  Roxbtiry  —  Concladed. 
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.  Chemical  Examination  of  Water  from  Charh*  Biver  opposite  the  FOter-Baain  of 

the  Newton  U'nter  Works. 
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CllICOPEE    ElVEE. 

The  Chicopee  River  is  in  the  central  part  of  the  State,  and  flows 
into  tlie  Connecticut  River  from  the  east  at  Chieopoe.  Its  basin, 
which  lies  wholly  within  the  State,  contains  an  area  of  724.0  square 
miles.  The  river  projier  is  formed  by  the  confluence  of  the  Swift,. 
Ware  and  Quaboag  rivers,  near  the  village  of  Three  Hivers  io  the 
town  of  Palmer,  and  flowis  thence  about  17  njiies  in  a  westerljf 
direction  to  its  moutb.  The  river  falls,  in  this  distance,  about  260 
feet,  of  which  KJti  feet  arc  utilized  for  power. 

The  Swift,  '\^'are  and  Qualwag  livers  are  nearly  equal  in  size, 
and,  having  a  rapid  full,  are  used  extensively  for  water  power.  The 
Quaboag  River  basin,  with  an  area  of  211.9  square  miles,  contains  a 
number  of  large  ponds  with  an  aggregate  area  of  about  2,070  acres* 
and  some  very  extensive  low  meadows,  bordering  the  ui)per  portioa 
of  the  river,  which  are  flooded  when  the  river  is  high  ;  consequently 
the  summer  How  of  the  stream  is  compai'atively  large.  The  Ware 
River  has  a  drainage  area  of  219. G  square  miles,  which  is  much  more 
hilly  than  the  Quaboag,  and  its  capacity  for  storing  water  U  some- 
what less,  so  that  the  stream  is  subject  to  somewhat  greater  fluctua- 
tions. The  Swi^  River  has  a  drainage  area  of  217.8  square  miles, 
which  is  more  hilly  than  either  of  the  others,  and,  in  some  places, 
mountainous,  There  are  fewer  lakes  and  ponds  on  this  stream  tban 
on  either  of  the  others. 

Of  the  places  wholly  or  in  part  within  the  Chicopee  basin, 
Chicopee,  Ludlow,  Palmer,  Warren,  West  Brookfield,  Brookfield, 
Silencer  and  AVare,  and  the  village  of  Indian  Orchard  in  the  city 
of  Springtield,  have  public  water  supplies.  Ware  has  a  system  of 
sewers,  built  in  1889,  discharging  into  the  Ware  River  below  the 
town.  Sewage  is  also  discharged  into  the  main  river  or  its  trib- 
utaries from  portions  of  the  towns  of  Spencer,  Palmer  and  Ludlow, 
from  the  village  of  Indian  Orchard,  and  from  the  town  of  Chicopee. 
It  is  also  the  general  custom  to  discharge  the  manufacturing  wa; 
and  the  sewage  from  water  closets  used  by  operatives  directly  into 
the  stream.  The  river  near  its  mouth  is,  however,  still  in  use 
a  source  of  water  supply  for  a  port  of  the  town  of  Chicopee. 

The  Chieopoe  River  basin  wwi  examined  in  1875  by  the  engiueei-B 
of  the  State  Board  of  Health,  and  the  number  of  mills  and  fnctoriea 
in  the  basin  was  detcroiined,  together  with  the  number  of  operatives 
employed.     The  following  table,  taken  from  page  118  of  the  report 
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of  the  Board  for  1876,  gives  a  summary  of  the  results  obtained  by 
this  examination,  which  will  show  the  general  character  of  the 
manufacturing  in  this  valley  :  — 


MAXUFACTUUES. 


Number. 


Operutlvei 
Employed. 


Cotton  mills, . 

Foandrie*  mnd  maehlDe  shops, 

'Woolen  mills  and  dye  works. 

Bleaching  works,  . 

Paper  mills,    .        .        *        . 

Hat  works 

Tanneries 

Gas  works 

Saw  and  grist  mills, 

ToUls,     .... 


6,228 

1,102 

1,028 

20 

262 

325 

19 


8,U84 


Samples  of  water  from  the  river  at  Chicopee  Falls  have  been 
examined  monthly  from  June,  1887,  to  May,  1889.  Measurements 
of  the  stream  were  made  at  the  upper  dam  at  Ludlow  from  October, 
1887,  to  September,  1888.  The  results  are  given  in  appended 
tables.  The  following  table  gives  statistics  of  drainage  areas  and 
population  of  the  main  river  and  its  branches :  — 


LOCALITT 


Diitanoe 

from 

Mouth  of 

Chicopee 

Itlver. 

3Iilcs. 


Drainage 
Area. 


Sq.  Mllei. 


Population 
(1885). 


Population 

pt-r 
Square  Mile. 


Seven-Mile  River,  Just  below  Spencer, 

Quaboag  River,  at  mouth. 

Ware  River,  at  mouth,   .... 

Swift  River,  at  mouth 

Chicopee  River,  at  upper  dam,  Ludlow, 
Chicopee  River,  at  dam,  Chicopee  Fall'i, 


45.5 

17 

18 

18 
8.4 
2.7 


30.0 
211.0 
210.6 
217.8 
688.1 
716.7 


7,033 
28,311 
15,300 

7,555 

58,581 


2:i7 

134 
70 
35 

82 


Of  the  total  population  above  Chicopee  Falls,  28,022,  or  47.8 
per  cent.,  are  in  five  towns  having  a  population  of  more  than  4,000 
each.  The  remainder  of  the  population  is  located  in  smaller  towns, 
but  much  of  it  is  in  manufacturing  villages  near  the  streams.     The 
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population  of  the  larger  towns  bos  increased  steadily  since  1865, 
while  the  smaller  towns  have  generally  sliown  a  marked  decrease  in 
recent  years.  This  decrease,  however,  has  not  been  sufficient  to 
offset  the  guin  in  the  larger  towns,  and  the  population  of  the  valley, 
as  a  whole,  is  increasing. 

In  addition  to  the  tables  of  analyses  given  below,  examinations  of 
other  surface  waters  in  the  Chicopee  basin  have  been  made,  and  are 
given  in  the  preceding  portions  of  this  report,  as  follows  :  — 


Brookfield  W.  W.,  slorage  n;servoir,        ....  page    79 

Chicoix.'C  W.  W.,  Dingle  Urook  Storage  Reservoir, .        ,  page    96 

CLicoi>ee  W,  W,,  pond, page    98 

Ludlow,  Wood's  Pond page  200 

Ludlow,  Chapin's  Pond, page  201 

Moitson,  reservoir, page  230 

Palmer  W.  W.,  reservoir page  2G4 

PIdllipston,  Pliillipston  Pond, page  267 

Spencer  W.  W.,  Shaw  Pond^ page  296 

Springfield  W.  W.,  Ludlow  Reservoir page  298 

Springfield  W.  W.,  Broad  Brook page  302 

Springfield  W.  W.,  Higher  Brook, page  802 

Ware,  Muddy  Brook page  332 


Chemv-iil  Examination  of  WtUer  from  the  C/iicopee  River  at  Ludlow. 
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TaJie  showing  the  Flow  of  the  Chicopee  Biver  at  the  Upper  Dam  of  the  Ludhw 
Manufacturing  Company. 


noyiTB. 

Ctilup!-;  FiUi. 

FlnwdorlRg 

VefUnV'Hoan 

Cu.ft.pef«e. 

C».ft.p««e. 

Oet^ber 

» 

10 

IS 

i( 
11 

12 

603 
1,072 

3^7* 
l^SOJ 

630 

Nov  n,l«r 

-M 

Jinuary 

i,a3« 

laii 

-8 

July 

fi2S 

1^0 

CoxcxjRD  River. 

The  Concord  River  is  formed  by  the  confluence  of  the  Sudbury 
and  Assal)et  rivers  at  Concord,  and,  after  flowing  ia  a  northerly 
direction  about  l(i  miles,  Gmpties  into  the  Merrimack  River  in 
the  eastern  part  of  the  city  of  Lowell.  Its  druinage  area  of  402.1 
square  miles  is  wholly  within  the  State. 

lletwecn  North  Billerica  and  its  mouth,  a  distance  of  about  4.5 
miles,  tlie  river  fulls  quite  rapidly,  and  its  power  is  fully  utilized 
by  mills.     Above  North  Billerica  the  main  river  and  the  Sudbury' 
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are  extremely  sluggish  nearly  to  Saxonville,  the  fall  in  22  miles  or 
more  being  less  than  two  inches  per  mile.  Throughout  nearly  all 
of  this  level  portion  the  river  is  bordered  by  extensive  meadows, 
subject  to  inundation,  some  of  them  being  permanently  wet.  The 
upper  portion  of  the  Sudbury  River  is  used  as  a  source  of  water 
supply  for  the  city  of  Boston,  and  has  been  fully  described  on 
pp.  29-34  of  this  report.  The  Assabet  River  has  considerable  fall, 
and  is  used  in  many  places  for  water  power ;  its  dminage  area  is 
hilly,  and  contains  much  less  swamp  and  meadow  than  is  found 
near  the  Concord  and  the  lower  part  of  the  Sudbury. 

The  area  and  population  above  different  points  on  the  Concord 
River  and  its  tributaries  are  given  in  the  following  table :  — 


LOCALITY. 


Distance 

from 

Mouth 

of  ( 'oiiconl 

Klver. 

Miles. 


Drainage 
Area. 


8(|.  Miles. 


Population 


Population 

IM-r 
Bquurc  Mile. 


Sudbury  River,  above  Dam  1  of  the  Roaton  Water 
Worka,  iucludiog  Farna  Pond, 

Budbury  River,  at  mouth 

^aaabet  River,  below  Northborough 

Aasabot  River,  at  mouth 

Sudbury  and  Aaaabet  rivers,  at  confluence, 

Concord  River,  at  Lawrence  Street  bridge,  Lowell,  . 

Concord  River,  at  mouth, 


36 

75.2 

24,000 

16 

164. U 

40,401 

38.5 

30.5 

2,838 

10 

176.8 

18,650 

16 

340.8 

59,051 

1.5 

370.5 

65,101 

0 

402.1 

- 

319 
246 
93 
106 
173 
173 


It  will  be  observed  from  the  above  table  that  the  population  on 
the  Sudbury  River  watershed  is  more  dense  in  the  upper  portion 
than  in  the  valley  as  a  wliole ;  also  that  the  density  of  population 
in  this  valley  is  much  greater  than  in  the  Assabet.  A  portion  of 
the  city  of  Lowell  and  many  factories  discharge  sewage  into  the 
Concord  River  at  its  mouth,  so  that  this  portion  is  more  polluted 
than  any  other. 

The  watershed  of  the  Concord  above  Lowell  contains  the  whole  or 
a  considerable  portion  of  14  towns  which  drain  into  the  river  below 
the  dams  of  the  Boston  Water  Works.  Of  these,  Concord,  Framing- 
ham,  Maynard,  Hudson  and  Marlborough  have  public  water  supplies  ; 
and  one  of  them,  Framingham,  has  a  system  of  sewerage  for  its 
main  village,  by  which  the  sewage  is  purified  by  filtration  before 
being  turned  into  the  stream.     The  main  river,  from  Noith  Billerica 
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Coxcoun  RivKU. 

Tlic  Concord  River  is  formed  liy  tlic  couHuence  of  the  Sudbury 
and  Assahct  rivers  at  Concord,  and,  after  flowing  in  a  nortlierly 
direction  about  I'i  miles,  empties  into  the  Jlerrimuck  River  ia 
the  eastern  part  of  the  city  of  Lowell.  Its  drainage  area  of  402.1 
mjuarc  miles  U  wholly  within  the  State. 

])etw(<cn  North  Itillcrica  and  its  month,  a  distance  of  alxiut  4.5 
miles,  (he  river  falls  quite  Ripidly,  and  its  power  is  fnlly  utilized 
hy  mills.     Al)ove  North  Itillcrica  the  main  river  and  the  Sudbury 
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ai-e  extremely  sluggish  nearly  to  Saxonville,  the  fall  in  22  miles  or 
more  being  leas  than  two  inclies  per  mile.  Througliout  nearly  all 
of  this  level  portion  the  river  is  bordered  by  extensive  meadows, 
subject  to  inundiLtioD,  some  of  them  beiog  permanently  wet.  The 
upper  portion  of  the  Sudbury  River  is  used  as  a  source  of  water 
supply  for  the  city  of  Boston,  and  has  been  fully  described  on 
pp.  2!)— 34  of  this  report.  The  Assabet  Rivor  has  considerable  fall, 
und  in  used  in  many  places  for  water  power;  its  drainage  area  is 
hilly,  and  contains  much  less  swamp  and  meadow  than  is  found 
near  the  Concord  and  the  lower  part  of  the  Sudbury. 

The  area  and  population  above  dilferent  points  on  the  Concord 
Kiver  and  its  tributaries  are  given  in  the  following  table:  — 
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It  will  be  observed  from  the  above  table  that  the  population  on 
the  Sudlniry  River  watershed  is  more  dense  in  the  upper  portion 
than  in  the  valley  as  a  whole ;  also  that  the  density  of  population 
in  this  valley  is  much  greater  than  in  the  Assabet.  A  portion  of 
the  city  of  Lowell  and  many  factories  discharge  sewage  into  the 
Concord  River  at  its  mouth,  so  that  this  portion  is  more  polluted 
than  any  other. 

The  watershed  of  the  Concord  above  Lowell  contains  the  whole  or 
a  considerable  portion  of  14  towns  which  drain  into  the  river  below 
the  dums  of  the  Boston  Water  Works.  Of  these,  Concord,  Framing- 
ham,  Maynard.  Hudson  and  Marlborough  have  public  water  supplies  ; 
and  one  of  fhem,  Framingham,  has  a  system  of  sewerage  for  its 
main  village,  by  which  the  sewage  is  purified  by  filtration  before 
being  turned  into  the  stream.     The  main  river,  from  North  Billerica 
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to  its  mouth,  has  large  factories  upon  it,  but  elsewhere  in  the  valley 
tlie  factories  which  discharge  much  mauufactuving  waste  into  the 
streams  are  compai'ativcly  few.  The  more  important  ones  are  the 
woolen  mills  at  Saxonville  aud  Maynard. 

Exumiiiatioos  of  the  Asaabct  River  at  Northborough  have  been 
made  monthly  for  two  years,  with  a  view  to  dctermiuing  its  quality 
as  a  possible  future  source  of  water  supply  for  Boston  or  its  suburbs. 
Examinations  have  also  been  made  for  nearly  a  year  of  the  Concord 
liiver  above  Lowell,  and  a  single  examination  has  been  made  of  the 
water  at  the  mouth  of  the  river.  In  addition  to  those  analyses, 
which  are  appended,  examinations  have  been  made  of  the  surface 
waters  in  the  basin,  and  are  given  .in  the  preceding  portion  of  thia 
report,  as  follows  :  — 

Boston,  Sudbury  Rirer  itnil  Lake  Cocliituate,   .         .  pages  38-52 

Concord,  Warner's  Pond, page  1 10 

Framingham,  Gleaann's  Pond piigH  131 

FrtLuingham,  Leamed's  Pond, pagu  131 

Hudson,  Gates  Pond, page  101 

Marlboi-ough,  Lake  Williams page  S19 

Maynard,  White  Pond, page  S31 

Natick,  Dug  Pond piige2.1i 

Northiiorougli,  Cold  Harbor  Brook  Reservoir,          .         .  page  2o8 

Shei'bom,  Waushakum  Pond page  i'il 

Waylonil,  Snake  Brook  Reservoir, page  339 

Westborough,  Sandra  Pond page  348 

Wcatlwrongli,  Chauncy  Pond, page  351 

Oiemical  Examination  of  Water  from  the  Amabet  River  below  Nurlhbotvugh. 
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ChemicalExaminationof  Water  from  Ihe  Asaabet  Biver  bcloui  Xorthborour/h — Con. 
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Chemical  Examination  of  Waier  from  the  Assabel  Biver  at  Maynard. 
[Pini  per  ioa.D(iD.] 


„.„., 

», 

..-o.. 

i!"™"l. 

An 

.■^ 

1 

»,™.. 

1 

j 

il 
£  - 

b 

i 

t 

1 

1 

i 

P 

1 

1 

ii 

1 
1 

i 

UM 

SllKbl. 

SKgbl. 

... 

3.40 

i.ts 

!.» 

... 

!lII4S' 

.». 

.com 

Cftemicol  Examination  of  Water  from  the  Concord  Siver  at  Lawrence  Street 
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COSNECTIOL'T  RiVER. 
The  Connecticut  River  rises  in  the  Connecticut  lakes,  in  the 
extreme  northern  portion  of  New  Hampshire,  and  flows  in  a 
southerly  direction,  forming  the  boundary  between  New  Hampshire 
and  Vermont,  to  tho  Mussiichusctts  State  line;  then  continues  in 
the  same  direction  through  this  State  and  Connecticut,  and  empties 
into  Long  Island  Sound.  Its  basin  is  long  and  nan'ow,  the  groiitest 
width  being  about  60  miles,  in  Massachusetts,  while  its  average  wi<Uh 
is  about  40  miles.  The  full  of  the  river  in  the  upper  part  of  its 
course  is  very  rapid.  In  Massachusetts  the  river  falls  41  foot  at 
Turner's  Falls  and  59  feet  at  Holyoke.  These  are  tho  only  falls  in 
Massachusetts,  and  both  are  extensively  used  for  power,  the  latter 
being  the  largest  developed  water  power  in  tho  United  Stales.  In 
Connecticut,  at  Windsor  Locks,  a  short  distance  below  the  Massa- 
chusetts line,  the  river  falls  about  30  feet  and  reaches  tide-water. 


41fi 
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Owing  to  the  size  of  the  drainage  area  and  tho  large  amount  of] 
Btorage  in  it,  the  summer  flow  of  the  river  is  large.  The  low« 
discharge  at  Hartford  from  gaugings  from  1871  to  1878  was  at  the 
rate  of  5,208  cubic  feot  per  second,  equal  to  0.51  of  a  cuhic  foot  per 
second  per  square  mile.  The  river  has  since  been  somewhat  lower. 
The  upper  portion  of  the  drainage  area  in  New  Hampshire  and- 
Vermont  is  mountainous.  In  Massachusetts,  particularly  on  ths 
easterly  side  of  the  basin,  mountains  give  place  to  ranges  of  high, 
hills.  In  the  immediate  vicinity  of  the  river  in  this  State  there  are 
broad  interviilea.  The  following  table  gives  statistics  of  the  drais- 
age  area  and  population  at  three  points  on  the  river :  — 


r  ubore  WLoilHir  Lscka,  Conn 


■wUj  tTom  Ibe  Uall 


■  rei  and  Ifas  populalluD  i 


It  will  be  seen  from  this  table  that  the  population  jier  square  mill 
above  Turner's  Falls  is  very  small,  and  increases  at  the  lower  pointsr 
It  is  not,  however,  high  at  any  point  in  Massachusetts,  as- compare! 
with  other  rivers  in  the  State.  The  cities  of  Northampton,  Holyokl 
and  Springfield,  and  the  town  of  Chicopee,  which  had  in  1888  i 
aggregate  population  of  about  97,000,  are  located  on  the  river  withtQ 
a  distance  of  19  miles.  These  places  all  discharge  their  sewage  di. 
rectly  into  the  river  or  its  tributaries ;  but  the  volume  flowing  in  th< 
river  is  so  great  that  the  effect  is  not  very  noticeable  a  few  milei 
below  Springfit'td,  except  by  chemical  analysis.  The  stream  is, 
however,  too  much  polluted  to  permit  its  use  as  a  source  of  domestia 
water  supply. 

Examinations  of  the  water  of  the  river  were  made  monthly  fronj 
June,  1887,  to  May,  1880,  above  Turaer's  Fails  and  below  Spring^ 
field,  and  the  results  are  appended.  A  description  of  the  maia 
tributaries  of  the  Connecticut  River  in  Massachusetts,  namely,  tba 
Chicopee,  Miller's,  Westfield  and  Deerfield  rivers,  may  be  found  i 
alphabetical  order  in  this  portion  of  the  report. 
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Chemical  ExamiiuUian  of  Water  from  the  Conneeticat  Rioer,  above  Turner's 
Falla,  in  Uontagtu. 
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Chemical  Examination  of  Water  from  the  Connecticut  River  at  Ilolffoke. 
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Chemical  Examination  of  Waier  from  the  Connecticut  River  Mow  Spring- 
field — Concluded. 
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Deerfield  River. 

The  Deerfield  River  rises  in  Stratton,  Vt.,  25  miles  north  of  the 
Massachusetts  State  line,  and  flows  in  a  generally  southerly  direc- 
tion to  a  point  opposite  the  mouth  of  Hoosac  Tunnel,  where  it 
curves  to  the  east  and  flows  in  a  circuitous  course  to  the  Connecticut 
River,  opposite  Turner's  Falls.  The  watershed  is  rugged  and  moun- 
tainous, and  the  fall  of  the  river  very  rapid  throughout  nearly  all 
of  its  course.  There  are  very  few  ponds  on  the  watershed,  and  the 
flow  of  the  river  is  subject  to  great  fluctuations. 

A  careful  examination  of  the  Deerfield  River  was  made  by  the 
State  Board  of  Health,  Lunacy,  and  Charity  in  1880,  the  results  of 
which  may  bo  found  in  the  supplementary  report  of  the  Board 
for  that  year  (pp.  3-11). 

This  examination  showed  that  the  river  was  not  much  polluted  in 
1880,  and  as  there  has  been  but  little  change  in  the  amount  of  popu- 
lation or  manufacturing  in  the  valley  since  that  date,  the  river  has 
not  been  re-examined.  A  summary  of  the  results  then  obtained  is 
given  below. 

Drainage  area  at  mouth  of  river,  660  square  miles.  Population  on 
drainage  area  in  1880,  23,951.  Population  per  square  mile  in 
1880,  36. 


MAML'FACTURES. 


Kumbcr. 


Oper:i  lives 
emplojed. 


Woolen  mills, 

Cotton  mills,  .... 
Tanneries,      .... 
Cutlery  works. 
Machine  shops  and  foundries, 
Gob  worki!,    .... 
Totals 


112 
4S4 
00 
390 
245 
2 


1,293 


Hoosac  River. 

The  Hoosac  basin  occupies  the  north-western  corner  of  the  State, 
and  its  drainage  area  above  where  it  crosses  the  State  line  into  Ver- 
mont is  195  2  square  miles.  The  main  river  is  formed  at  North 
Adams  by  the  confluence  of  the  north  and  south  bmnches,  and  flows 
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thence  in  a  generally  north-westerly  course,  and  finally  empties  into 
the  Hudson  River  opposite  Stillwater,  in  New  York.  The  south 
branch  rises  in  Cheshire  and  Lanesborough,  and  Hows  in  a  northerly 
direction  to  its  confluence  with  the  north  branch  at  North  Adams. 
At  its  head  is  located  the  Cheshire  Reservoir,  said  to  have  an  area  of 
from  600  to  700  acres.  The  reservoir  can  be  dmwn  down  from 
seven  to  eight  feet,  and  is  used  to  increase  the  flow  of  this  branch 
in  dry  seasons.  The  noilh  branch  rises  in  Vermont,  and  flows  with 
a  rapid  fall  in  a  southerly  and  south-westerly  direction  to  tlio  con- 
fluence. There  is  a  reservoir  on  this  branch  in  the  town  of  Clarks- 
burg, having  an  area  of  44  acres,  which  can  be  drawn  down  eight 
feet. 

On  the  main  stream  there  are  four  dams  within  the  State  of 
Massachusetts,  at  which  there  is  a  total  fall  of  64  feet. 

The*  south  branch  and  main  stream  flow  through  a  broad  valley, 
not  much  above  the  river  and  generally  under  cultivation. 

Outside  of  these  valleys  the  watershed  in  Massachusetts  is  rugged 
and  mountainous,  the  steep  slopes  being  generally  well  wooded. 
Limestone  is  abundant,  and,  as  a  consequence,  the  waters  of  this  basin 
are  generally  much  harder  than  those  in  the  easterly  section  of  the 
State. 

Nearly  all  of  the  population  of  the  valley  in  Massachusetts  is  in 
four  towns,  as  follows  :  — 


TOWN. 


I'oPlLATHiS. 


IMMO. 


1NS5. 


North  Adomi, 10,191  12,540 

Adams, 5,501  8,2S3 

WllliamatowQ, 3,394  3,729 

Cheshire, 1,537  1,443 


Total i       20,713  20,000 


All  of  these  towns  have  public  water  supplies,  but  none  are  com- 
pletely sewered.  North  Adams  has  the  largest  number  of  sewers, 
and  turns  a  large  and  increasing  amount  of  sewage  directly  into  the 
river ;  and  the  many  large  factories  on  the  stream  generally  adopt 
the  same  method  of  disposing  of  their  wastes. 
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The  following  table  gives  statistics  in  relation  to  drainage  areas 
and  population  at  different  points  on  the  main  stream  and  its 
branches :  — 


I.OCAI.ITT. 


Distance 

above 

State  Line. 

Miles. 


Drainage 
Area. 

Sa.  MUes. 


Population 
(1885). 


Popalatioo 

per 
Square  Mile. 


South  Branch,  about  two  miles  below  Adama,  just  at 
end  of  tall  race  from  mill  of  Renfrew  Manuf'g  Co., 

South  Branch,  at  bridge,  about  two  mile*  aouth  of 
North  Adams, 


South  Branch,  at  month 

North  Branch,  at  mouth 

Total  at  confluence 

Hooaac  River,  at  Braytonville,  North  Adams, 
Hoosac  River,  at  WUllamstown,  .        . 


13.7 

62.7 

10,023 

11.2 

67.2 

- 

- 

74.3 

- 

- 

42.4 

- 

7.7 

116.7 

- 

7.0 

117.5 

23,130 

2.8 

175.6 

26,758 

160 


197 
152 


An  examination  of  the  Hoosac  Valley  was  made  by  the  State 
Board  of  Health  in  1877,  and  printed  in  the  ninth  annual  report  of 
the  Board  (pp.  28-38).  The  following  table,  containing  a  sum- 
mary of  the  manufactures  in  the  Hoosac  basin  at  that  date,  is  taken 
from  page  35  of  that  report :  — 


MANUFACTURES. 


Number. 


Operatives 
Employed. 


Cotton  mills,  . 
Woolen  milU, 
Paper  mills,  . 
Tanneries, 
Gas  works,  . 
Acid  works,  . 
Print  works,  . 
Totals,      . 


2,009 

900 

210 

21 

6 

14 

463 


3<713 


Examinations  of  samples  of  water  collected  from  the  river  at 
Williamstown  were  mude  monthly  from  June,  1887,  to  May,  1889. 
A  special  examination  was  also  made  of  the  river  at  seveml  points 
in  September,  1888.  The  results  of  all  of  these  examinations  are 
given  in  the  appended  tables  of  analyses,  and  the  results  of  the 
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MAP  or  THE 

HoosAC  River, 

sliowing  the  result  of 
CHEMICAL  EXAMINATIONS 
of  its  waters  in  Sepfember  1888. 
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special  examinatioD  are  also  indicated  on  the  map  on  page  433, 
which  shows  by  the  figures  in  the  squares  the  amount  of  free 
ammonia,  chlorine,  and  nitrogen  as  nitrites.  It  will  be  seen  that 
^here  is  a  progresi^ivo  increase  in  the  amount  of  these  constit- 
uents a-i  A  result  of  the  sewage  and  factory  wastes  turned  into  the 
stream  at  Adiinis  and  North  Adams.  This  increase  of  contamina- 
tion, however,  docs  not  continue  as  far  as  Williamstown,  the  char- 
acter of  the  river  water  at  this  place  heing  better  than  just  below 
North  Adams,  a  result  due  in  part  to  the  dilution  of  the  polluted 
water  by  the  purer  water  of  the  Green  River.  On  the  day  after 
this  special  examination,  between  the  hours  of  3  and  4  p.m.,  the  flow 
of  the  south  branch,  at  a  point  between  Adams  and  North  Adams, 
where  the  drainage  area  is  67.2  square  miles,  was  measured  with  a 
current  meter,  and  found  to  Ira  97.5  cubic  feet  per  second,  equal  to 
1.4  cubic  feet  per  second  per  square  mile.  No  opportunity  was 
found  for  makiug  a  trustworthy  measurement  at  this  time  on  either 
the  iiorlh  branch  or  the  main  river. 

Tlie  Iloosae  River  at  Williamstown  is  shown  by  the  analyses  to  be 
polluted  to  a  considerable  extent,  although  not  so  much  as  might 
I>c  expected  from  its  dark  appearance,  which  is  caused  for  the  most 
part  by  tlic  spent  dye  liquors  discharged  into  it.  The  pollution  is 
rapidly  increasing,  however,  owing  to  the  increase  of  population 
and  manufacturing,  the  sewage  being  discharged  directly  into  the 
otream. 
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C3iemicat  Examination  of  Water  from  the  South  Branch  of  the  Uoosae  Siver  at 
Renfrew,  between  Adams  and  I^orlh  Adams. 
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Chemical  Examination  of  Water  from  Hudson  Brook  in  Clarksburg. 
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Chemical  Examination  of  WaUr  from  the  Hooaac  Bivcr  at  Williamstouin. 
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HOU8ATOSIC  ElVEB. 

The  Huuaatonic  basia  is  in  the  south-westerly  comer  of  the  State, 
and  includes  the  central  and  southern  portion  of  Berkshire  County. 
The  river  is  formed  just  below  the  town  of  Pittsfield  by  the  con- 
fluence of  the  east  and  west  branches,  and  flows  thence  in  a  southerly 
direction,  passing  into  Conuecticut  at  Sheffield,  Mass.,  and  finally 
emptying  into  Long  Island  Sound  near  Bridgeport,  Conn.  The 
drainage  area  of  the  river  at  tiie  State  line  ia  503.5  square  miles. 
The  east  branch  at  its  mouth  has  a  drainage  area  of  70.3  square 
miles.  It  rises  eight  miles  south-east  of  Pittafield,  and  flows  in  a 
very  circuitous  couiso  to  tiio  main  river,  passing  on  its  way  through 
the  manufacturing  towns  of  tlinsdale  and  Dalton.  The  west  branch 
is  formed  by  the  flow  from  Onota  and  PontooHuc  lakes  in  Pittstield, 
and  flows  southerly  through  the  westerly  portion  of  the  town.  The 
south-west  branch,  one  of  the  affluents  of  the  west  branch,  rises  ia 
Richmond  Lake  in  Uichmond,  and  flows  nortli-eaatyly,  joining  the 
west  branch  just  above  its  nioulh.  The  watershed  of  the  west 
branch,  including  the  south-west  branch,  coutains  38.7  square  mileft. 

The  drainage  area  of  the  river  is,  as  a  rule,  very  hilly,  and  la 
many  places  even  mountainous.  The  bottom  lands  along  the  river 
are  quite  wide,  and  in  the  vicinity  of  Pittsfield  and  south  of  Great 
Barrington  there  is  considerable  comparatively  flat  territory.  There 
are  many  lakes  in  the  valley  and  some  stoi-age  reservoirs,  which 
materially  increase  the  flow  of  the  river  in  a  dry  season.  This 
valley,  like  the  Hoo.sac,  contains  much  limestone,  and  the  water  of 
the  river  is  consequently  much  harder  than  that  of  the  more  easterly 
portions  of  the  Slate. 
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The  river  and  its  branches  have  generally  a  rapid  fall ;  but  there 
are  notable  exceptions  to  this  rule  in  the  portion  between  Pittsfield 
and  Lenox,  where  the  river  is  nearly  level  for  eight  miles  ;  also  south 
of  Great  Barrington,  where  a  similar  condition  exists. 

The  following  table  gives  statistics  regarding  the  drainage  area 
and  population  above  different  points  on  the  main  river  and  its 
branches :  — 


LOCALITY. 


liifttnnce 

above 

Suitv  Line. 

3Jiles. 


Drainage 
An>a. 


Sq.  Miles. 


I 
ERtiinatoil      Population 
I>ui)iii:itlun  i         iH-r 
(l2».'>).        Square  Mile. 


East  branch,  at  Aral  bridge  above  Silver  Lake,  Pitta- 
field 


Eiiat  branch,  at  month,  ..... 
PoDtooauc  Lake,  at  outlet,     .... 

Ooota  Lake,  at  outlet, 

South- west  branch,  at  mouth,        .        ... 
Total  west  branch,  at  month. 
Total  fast  and  wcat  branchea,  at  confluence, 
HouKitonlc  River,  at  T^nox  station,     . 
Ilouftatonlc  River,  below  Great  Barrington, 


48.0 
46.0 
60.7 
50.2 
46.8 
40.0 
46.0 
38.0 
14.0 


68.2 

70.3 

21.4 

10.5 

22.2 

58.7 

129.0 

167.7 

328.7 


4.951 

9,090 

815 

261 

1,660 

10,110 

19,200 

20,496 

35,007    . 


73 

129 

38 

25 

75 

172 

149 

122 

107 


The  greatest  density  of  population  shown  by  the  table  is  above  the 
mouth  of  the  west  branch,  and  this  tribiitary  is  more  pollutod  than 
the  others  or  than  the  main  stream.  The  density  of  population  on 
the  area  draining  into  the  main  river  is  greatest  above  its  head,  just 
below  Pittsficld,  where  the  population  per  square  mile  is  40  per 
cent,  greater  than  it  is  a!)ove  a  point  just  below  Great  Barrington. 

The  towns  of  Hinsdale,  Dalton,  Pittsfield,  Lenox,  Lee,  Stock- 
bridge  and  Great  Barrington  have  each  a  public  water  supply. 
Pittsfield  and  Great  Barrington  have  each  a  partial  system  of  sewer- 
age, and  discharge  crude  sewage  into  the  streams.  The  village  of 
Lenox  has  a  complete  system  of  sewerage,  and  disposes  of  most  of 
its  sewage  upon  land.  The  population  in  the  valley  is  slowly 
increasing,  the  gain  in  Pittsfield  and  the  manufacturing  villages 
along  the  river  more  than  offsetting  the  decrease  in  the  farming 
population  on  the  hills. 

Most  of  the  fall  of  the  Housatonic  River  and  its  principal  branches 
is  utilized  for  power  by  paper  and  woolen  mills,  which  turn  a  con- 
siderable amount  of  manufacturin<2:  scwaije  into  the  stream. 
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A  careful  examination  of  tho  watershed  of  the  Housatonic  RiverB 
■KB.6  made  by  the  State  Board  of  Health  in  1877,  and  the  results  arel 
puhliahed  in  its  ninth  annual  report  (pp.   9-28).     The   following^ 
summary  of  the  ninnu  facta  ring  in  the  valley  at  that  time  is  tjikenl 
from  page  18  of  that  report :  —                                                                  H 

„™pAcr™.. 

.„,„. 

mplnred.    H 

» 

I 

1 

Qiu  work. 

Til 

03 

'™i 

Examinations  of  samples  of  water   from   the   river  were    made 
monthly  from  June,  1887,  to  May,  1889,  Just  bolow  the  village  of 
Great  Barrington  ;  and  a  special  examination  was  made  in  Septem- 
ber, 1888,  during  a  comparatively  dry  period,  to  ascertain  the  effect 
of  the  sewage  and  manufacturing  refuse  turned  into  the   river  at 
PittsfieKl.     For  this  purpose  samples  of  water  wore  collected  from 
the  east  and  west  bi-anchos  both  above  and  below  PittsfieKl,  from  the 
south-west  branch  near  its  mouth,  and  fiora  the  main  stream  at  iU 

samples  of  water  are  given  in  full  in  the  appended  tables,  and  the 
average  amount  of  free  ammonia,  chlorine,  and  nitrogen  as  nitritce 
at  each  point  is  also  shown  on  tlie  m;ip  on  page  431. 

Sept.  7,  1888,  as  deduced  from  gauge  readings  on  that  day.  and 

day,  was  as  follows  :  — 

^.,.„.. 

—               1 

Flaw  It  W.Oi  A.X.,  M.14  onblo  f«t  per  iHOUd. 
Flow  Bl  IIM     H.,  sr.ST  cnbtc  iatl  per  aecond. 
Flow  U   V.K  F  n.,  TO. 12  cable  t«cl  per  ucoad. 
Flow  M  4.4S  P.M.,  TS.«  Dublo  (Ml  por  •econd. 

Flow  HI  11.45  i  ■„  07.03  cable  (eM  pet  wcoad.       ^M 
FJow.1   S.10l-.i...73.Mcoble(«lp.tw»lid.    ^M 

"*»-J  WATER  SCPPU- 


AXD  SEfl-KEAGE. 


H0U5AT0NIC  River  I 
?"J-»'CALcxmimrioNs  I 
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These  measurementd  do  not  indicate  an  unusually  low  dry 
weather  flow. 

The  special  examination  of  the  river  on  Sept.  7,  1888,  showed  that 
it  was  polluted  to  a  considerable  extent  below  Pittsfield,  though 
not  enough  to  be  oflcnsive  to  those  living  on  the  banks  of  the 
stream.  The  effect  of  the  pollution  is  most  plainly  seen  by  referring 
to  the  map,  and  observing  the  much  larger  amounts  of  free  ammonia, 
chlorine  and  nitrogen  as  nitrites  in  the  water  at  the  mouth  of  the 
west  branch  than  in  the  unpolluted  waters  of  Lakes  Onota  and 
Pontoosuc,  from  which  this  branch  issues.  The  west  branch  is 
shown  ])y  this  examination  to  be  somewhat  more  polluted  than  the 
east  branch.  The  degree  of  pollution  of  the  former  is  much  greater 
during  the  night  and  on  Sundays,  in  dry  seasons,  than  during  work- 
ing hours,  because  the  water  is  held  back  by  gates  at  the  outlets  of 
the  lakes  and  at  the  mill  ponds  on  the  stream,  so  that  the  flow  at 
such  times  is  very  small.  The  east  branch,  being  a  ** paper-mill" 
stream,  with  comparatively  little  opportunity  to  hold  the  water 
back,  has  a  nearly  constant  flow  day  and  night. 

The  regular  examinations  below  Great  Harrington  show  the  water 
at  this  point  to  be  unfit  for  drinking,  though  except  for  this  use  it 
would  not  !)e  considered  seriously  polluted. 

In  addition  to  the  tables  of  analyses  given  below,  examinations  of 
other  surface  waters  in  the  Housatonic  basin  have  been  made,  and 
are  given  in  the  preceding  portion  of  this  report,  as  follows :  — 

Dal  ton,  En^ypt  Brook,    ' page  111 

Great  Harrington,  reservoir, page  141 

Great  Harrington,  Mansfield  Lake, page  142 

Gr(»at  Harrington,  Green  River, page  142 

Hinsdale,  brook, page  152 

Lee,  reservoir, P»'ige  184 

Lenox,  reservoir, pjige  186 

Lenox,  Lily  Pond, page  186 

Pittsfield,  Ashley  Lake  and  reservoir,       .        .        .      pages  208-269 

Pittsfield,  Saekett  Reservoir, page  269 

Pittsfield,  Silver  Lake, page  271 

Richmond,  resers'oir, page  285 

Stockbridge,  Ilagar  Pond  or  Mohawk  Lake,     .        .        .  page  807 

Stoekbridge,  Lake  Mahkeenac  or  Stockbridge  Bowl,       .  page  308 
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Chemical  Examination  of  ITofer  from  the  East  Branch  of  the  ITouaatonic  Rivtr 
above  Eintdaie. 
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Mierotcopical  Examination.  , 
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[Fttil)  ptr  KXgMO.] 


., 

^™ 

BigiDCi  PS 

A....... 

J 

;.,.,... 

1 

j 

a' 

1 

1 

1 

i 

|i 

1 

1 

|1 

Ij 

j 

,1.1 

312* 

B.P,.'? 
fepl.  7 

S.PI.  8 
8.pl.  « 

Bllgbl. 
DIMInel. 

aU't.bnwn. 
Con.,  dMk 

... 

n.n 
II. n 

I.BO 

t,40 

1,99 

B.ro 

B,3S 

.oon 

.OSM 

.DIOI 
.0300 

03H 

' 

tiuos 

(K)OS 

, 

1 

... 

ti.4r 

oiw'uoofl 

1 

i 

WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Chemical  Examinalion  of  Waler  from  the  East  Branch  of  the  Bimiatonie  Sioer 
below  PiilJjield. 
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Chemical  Examinalion  of  Water  from  Pontooauc  Lake,  PiUsfield. 
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Chemical  Examinalion  of  Water  frvm  the  8outK-we»t  Branch  of  the  Eousaionic 
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Chemical  Examination  of  Water  from  the  Bousatanic  Biver,  beltw  the  Confiuence 

of  the  East  and  Weat  Branches. 
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Chemical  Examination  of  Water  from  the  Housalonic  River  nt  Lenox. 
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Ipswich  River.                                               1 
The  Ipswich  River  ia  formed  by  the  confluence  of  several  small      ■ 
brooks  in  Wilmington,  Mass.,  and  flows  thence  in  a  generally  north-    m 
easterly  direction  to  tide  water  at  Ipswich,  draining  at  this  point  an    H 
area  of  148.3  square  miles.     The  drainage  area  is  generally  a  gently   ^M 
rolling  country  with  numerous  small  hills,  the  summit  of  the  highest    1 
of  which  is  about  400  feet  above  mean  aea  level ;  it  conUuns  a  very    1 
large  amount  of  meadow  and  swampy  land,  especially  in  the  vicinity    H 
of  the  streams.                                                                                                 H 
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The  fall  of  the  stream  is  slight  and  its  current  sluggish.  There 
are  very  few  ponds  or  storage  reservoirs  in  the  basin,  and  the  dry- 
weather  flow  of  the  river  is  small.  The  amount  of  manufacturing 
on  the  stream  is  small,  the  most  important  factories  being  located  at 
Ipswich  just  above  tide  water. 

The  following  table  gives  statistics  of  the  drainage  area  and  popu- 
lation above  three  points  on  the  river  in  the  town  of  Ipswich  :  — 


LOCALITY. 


Ipswich  River,  jast  above  the  moath  of  Milea  River,  . 
IjMwlch  River,  just  below  the  moath  of  Miles  River,  . 
Ipswich  River,  at  last  dam  (tide  water), . 


DisUnce 

above 

Tide  Water. 

Drainage 
Area. 

Popula- 

linn 

(188A). 

Miles. 

Sq.  Miles. 

2 
2 
0 

128.0 
145.0 
U8.2 

0,708 

8,207 

11,003 

I'opalaUon 

p«T 
Squaru  Mile. 


63 

57 

78 


The  population  is  very  much  scattered,  a  large  proportion  of  the 
inhabitants  being  engaged  in  agriculture.  Ipswich,  located  at  the 
mouth  of  the  river,  is  the  largest  town,  and  contained  in  1885  a  popu- 
lation of  4,207.  The  population  on  the  watei'shed  has  increased  but 
very  slightly  since  1865,  and,  if  Ipswich  is  excluded,  has  shown  a 
slight  decrease.  None  of  the  towns  in  the  valley  are  provided  with 
a  public  water  supply  except  Middleton,  which  obtains  a  supply  from 
the  Dan  vers  works,  but  sources  within  the  valley  are  used  by  cities 
and  towns  outside.  The  city  of  Salem  and  town  of  Beverly  draw 
their  supply  of  water  from  Wenham  Lake,  located  at  the  head  of 
Miles  River,  while  the  town  of  Danvers  obtains  a  supply  from 
Middleton  Pond  in  Middleton.  The  city  of  Maiden  has  the  right  to 
take  the  waters  of  Martin's  Pond  in  North  Reading  as  a  source  of 
water  supply.     None  of  the  towns  in  the  valley  have  a  system  of 


sewerage. 


This  river  is  one  of  the  larger  streams  in  the  eastern  portion 
of  the  State,  and  has  received  consideration  as  a  possible  future 
source  of  water  supply  for  the  northerly  suburbs  of  Boston.  It 
is  comparatively  free  from  artificial  pollution,  but  is  dark  colored, 
and  contains  much  vegetable  matter  in  solution,  owing  to  the  large 
area  of  swampy  land  on  the  watershed. 

Samples  of  water  for  examination  have  been  taken  from  the 
river,  in  the  vicinity  of  North  Reading,  on  one  occasion  only.  The 
results  are  given  below.     Examinations  of  other  surface  waters  in 
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tho  Ipswich  basin  liave  been  made,  uiid  are  given  in  the  preceding 
portion  of  this  report,  aa  follows :  — 

Dunvers,  Middlcton  Pond, P^g^  1^^ 

Lynnfiiild,  Suntaug  Lake, page  211 

North  Keading,  Slartiii's  Pond page  259 

Sulom,  Wenbam  Lake, page  SSf> 


Chemical  Examination  of  Water  from  the  Ipswich  River  above  North  Reading. 

[l-arU  ptt  lOOJJOO.] 
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Microscopical  Examination. 
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Mehrimack  River. 

The  Merrimack  River  is,  with  the  exception  of  the  Connecticut, 

the  largest  in  the  State.     It  is  formed  in  the  central  part  of  New 

Ilumpshirc,    by   the  coniluence   of  the   Peuiigewasaet  and  AVinui- 
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piseogee  rivers,  and  thence  flows  in  a  direction  a  little  east  of  south 
nearly  to  Lowell,  Mass.,  where  it  turns  to  the  east,  and  runs  in  a 
noiili-easterly  direction  to  the  sea  at  Newburyport^  The  total 
length  of  the  river,  including  the  Pemigewasset,  which  is  a  part 
of  the  main  stream,  is  about  168  miles,  of  which  119  are  in  New 
Hampshire  and  49  in  Massachusetts.  It  is  affected  by  the  tides 
up  to  a  point  between  Haverhill  and  Lawrence,  21  miles  from  its 
mouth. 

The  river  at  its  mouth  drains  an  area  of  4,965  square  miles.  The 
physical  characteristics  of  this  area  vary  greatly  in  its  different 
parts.  The  river  has  its  source  in  the  Franconia  Mountains,  and  the 
whole  upper  portion  of  the  dminage  area  is  mountainous ;  fuilhcr 
down  it  is  hilly.  In  the  lower  poilions  there  are  large  areas  of  flat 
land,  and  much  low,  wet  land,  particularly  in  the  valleys  of  the 
Concord  and  Shawsheen  rivers. 

There  are  three  very  large  water  powers  on  the  river,  —  at  Man- 
chester, N.  H.,  and  Lowell  and  Lawrence,  Mass.  These  powers  are 
thoroughly  developed  and  utilized,  mainly  by  cotton  and  woolen 
mills.  The  mills  are  of  such  magnitude  that  they  not  only  utilize 
the  vast  water  power  of  the  river,  but  use,  in  addition,  a  large 
amount  of  steam  power,  particularly  at  Lowell.  All  of  these  estab- 
lishments, and  very  many  othera  on  the  tributaries  of  the  river,  dis- 
char^re  their  manufacturinor  wastes  into  the  streams. 

The  cities  and  towns  on  the  river  and  its  tributaries  having  a 
population  of  more  than  10,000  each  are  given  in  the  following 
table :  — 


CITY  OR  TOWN. 


Population. 


Concord,  N.  H.  (1880),      . 
Manchester,  N.  IT.  (1880), 
Fltchbarg,  Mass.  (1885),  . 
Nashua,  N.U.  (1880),       . 
Lowell,  Mass.  (1885), 
Marlborough,  Mass.  (1885), 
Lawrence,  Mass.  (1886),   . 
Haverhill,  Mass.  (1885),    . 
Newburyport,  Muss.  (1885), 
Total, 


13,843 
32,630 
15,375 
13,397 
64,107 
10.041 
38.862 
21,795 
13.716 


224,666 
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All  of  these  cities  and  towns,  and  many  smaller  towns  on  the  area 
drained  by  the  river,  huve  public  water  supplies,  and  very  nearly 
all  of  the  places  above  named  have  systems  of  sewerage  discharging 
directly  into  the  streams.  The  drainage  ureas  and  popuiatioaa  at 
diSerent  points  on  the  river  are  given  in  the  following  table  ;  — 
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Of  the  total  population  on  the  drainage  area  above  Ilaverhill  in 
1885,  173, G80  were  in  New  Hampshire  and  249,897  in  Massa- 
cim  setts. 

The  summer  flow  of  this  stream  is  quite  large,  both  on  account  of 
the  large  area  of  the  watershed,  and  the  storage  furnished  by  Lake 
Winnipiseogee  and  other  lakes  in  the  lake  region  of  New  Hamp- 
shire, and  by  tlie  many  storage  reservoirs  and  mill  ponds  on  the 
branches  of  the  river. 

The  character  of  the  water  of  the  river  would  natumlly  vary  much 
between  its  source  and  its  mouth,  independently  of  any  pollution 
from  artiticial  sources,  on  account  of  the  varying  character  of  the 
water  brought  into  it  from  its  different  tributaries. 

Analyses  of  the  water  of  the  river  at  Nashua,  Lowell,  Lawrence, 
and  Haverhill,  and  of  Lake  Winnipiseogee  at  its  outlet,  are  given  in 
detail  on  pp.  447-461 ;  and  a  table  showing  the  flow  of  the  Merrimack 
River  at  Lawrence  is  given  on  p.  4(i2.  Analyses  of  water  of  the 
Nashua,  Concord  and  Shawsheen  rivers  are  given  under  these  heads 
in  this  portion  of  the  report.  The  water  of  the  Pemigewasset 
River  has  not  been  analyzed;  but,  as  it  comes  from  a  mountainous 
district,  and  drains  one-fourth  of  the  total  area  above  Lowell,  it 
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undoubtedly  has  a  favorable  effect  upon  the  character  of  the  river 
water  at  the  latter  place.  The  water  supplied  from  Lake  Winni- 
piseogee  is  of  excellent  quality ;  and  the  quantity  in  summer  is  much 
larger  in  proportion  to  the  drainage  area  than  that  supplied  by  other 
tributaries.  The  Nashua  and  Concord  rivers  discharge  into  the 
Merrimack  River  water  which  is  inferior  in  quality  to  that  of  the 
main  stream,  and  have  respectively  about  one-eighth  and  one- 
tenth  as  much  drainage  area  as  the  main  river  at  Lowell. 

Lake  AVinnipiseogee  is  fed  mainly  by  small  streams  flowing  from 
the  hills  and  mountains  about  it.  It  has  an  area  of  71|  square 
miles,  and  its  shape  is  very  irregular.  Several  long  bays  or  arms 
extend  from  it,  and  it  contains  a  great  many  large  and  small  islands, 
so  that  it  has  a  very  extended  shore  line.  Its  level  is  controlled  by 
the  dam  at  Lake  Village,  and  it  can  be  drawn  down  four  feet  below 
the  top  of  the  dam. 

The  sample  at  Nashua  is  taken  from  the  Merrimack  just  above  the 
mouth  of  the  Nashua  River,  and,  consequently,  does  not  contain 
any  of  the  sewage  or  manufacturing  wastes  from  this  city.  The 
river  has,  however,  above  this  point,  received  the  sewage  of  Man- 
chester and  Concord,  N.  H.,  situated  respectively  16  and  34 
miles  up  the  river.  The  next  sampling  point  is  a  short  distance 
above  the  dam  at  Lowell,  14  miles  below  Nashua,  and  directly 
opposite  the  inlet  of  the  Lowell  Water  Works.  Samples  were 
taken  at  this  place  from  the  river,  and  were  also  taken  from  the 
inlet  chamber  of  the  Lowell  Water  Works,  where  the  water  comes 
directly  in  from  the  river.  Other  samples  were  taken  at  Central 
Bridge,  Lowell,  below  where  the  river  receives  a  part  of  the  sewage 
of  the  city,  and  much  manufacturing  waste  from  the  mills  on 'its 
banks.  There  is  no  opportunity  to  collect  a  fair  sample  imme- 
diately below  the  city,  on  account  of  the  rapids  known  as  Hunt's 
Falls,  where  the  river  descends  about  11  feet.  The  next  sampling 
place  was  therefore  located  four-fifths  of  a  mile  above  the  dam  of  the 
Essex  Company  at  Lawrence,  and  directly  opposite  the  intake  of 
the  Lawrence  Water  Works.  This  point  is  9  miles  below  Lowell, 
which  is  a  suflBcient  distance  to  permit  the  sewage  discharged  into 
the  river  at  the  latter  place,  on  the  southerly  side  of  the  stream,  to 
be  thoroughly  mixed  with  the  water  in  all  parts  of  the  stream.  The 
remaining  places  at  which  samples  were  taken  regularly  are  below 
Lawrence,  one  and  three-eighths  miles  below  the  dam,  and  above 
Haverhill.     The  former  point  is  so  near  Lawrence  that  it  may  be 
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doubted  if  ttie  sewage  of  the  city  thoroughly  mingles  with  the  river 
water  before  reaching  it.  The  distance  between  the  points  is  7 
miles.  Samples  were  taken  on  one  occasion  just  below  Haverhill, 
but  none  farther  down  the  river. 

The  character  of  the  river  water  varies  so  much  from  time  to 
time,  from  natural  causes,  and  the  dilution  of  the  polluting  matter 
turned  into  the  stream  is  so  great,  that  it  is  essential,  in  making 
comparisons  between  the  analyses  at  different  places,  to  use  only 
those  which  correspond  with  each  other  as  regards  the  time  of  col- 
lecting the  samples. 

The  following  table  presents  comparisons  made  upon  this  basis, 
with  the  further  precaution  that  all  portions  of  analyses  affected 
by  abnormal  conditions  are  excluded,  such  as  for  instance  freshets, 
when  the  water  contains  much  silt. 
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Above  Lowell  and  at  Central  Bridge,  Lowell. 
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To  further  facilitate  comparison,  the  following  table  has  been 
compiled  from  that  given  above.  The  analyses  above  Lowell  and 
above  Lawrence  have  been  transferred  from  that  table  to  the  one 
below,  and  are  taken  as  standards  because  they  represent  the  greatest 
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[Dec. 

number  of  determinations.  The  anslysea  nt  other  places  have  been 
calculated  from  these  by  adding  or  subtracting  the  differences  from 
place  to  place. 


Summary  of  Annlyaes  of  Merrimack  Jiiver  Witter  at  I 
from  (he  Previous  Tabic. 

arioui  Points 

Mmpiled 

, 

.!:s-.si. 

A-.0... 

1 

0 

1 

A.,r-no,>. 

1 

ji 

1 

h 

ij 

1 

Idke  WlnnlplKaEee.  N.  H.,     . 

Above  K«hu.,N.H 

Above  Lowell 

Above  CaDlr«l  BrtdBe,  Lowell, 

Below  Liwreoce 

Above  DtierMU 

fl.lH) 

o.as 

i.ss 

3. -4 
4.™ 

O.M 

i.os 

WIS 
.wn 

.0014 

.OUT 
.0109 

.am 

.0181 
.DIM 

.OHM 

-owa 

.0033 
.003» 
.003Q 

.101 
.I»7 

-in 
.m 

.937 

.00» 

.oou 

.0091 
.0071 
.OOM 

1 

.ou> 

.0001 
.000* 
.OOM 

i 

ig  Include  lulyieiol 


in  ttlOM  givMi  to  lb 


The  average  rate  of  flow  per  24  hours  at  Lawrence  during  the 
days  represented  by  the  largest  number  of  determinations  was  9,145 
cubic  feet  per  second,  which  is  about  four  times  the  low  water  flow 
of  the  river  in  an  ordinary  dry  season. 

The  quantities  shown  in  the  table  increase  from  place  to  place,  in 
most  cases  with  a  fair  degree  of  regularity.  Exceptions  to  this  rule 
occur  in  the  columns  of  free  ammonia  and  of  the  albuminoid  am- 
monia in  suspension.  In  both  of  these  there  is  on  the  whole  as  in 
tlie  other  cases,  an  increase  in  the  quantities,  though  between  cer- 
tain places  there  is  a  noticeable  decrease.  In  the  case  of  the  free 
ammonia,  there  is  an  increase  from  Nashua  to  above  Lowell,  fi-om 
Central  Bridge  to  above  Lawrence,  and  from  below  Lawrence  to 
above  Haverhill.  These  sections  of  the  river  have,  as  a  rule,  but 
little  full  to  agitate  the  water,  excepting  a  short  distance  Ijeloff 
Central  Bridge,  where  the  water  descends  about  11  feet  over  rapida 
known  as  Hunt's  Falls.  In  the  flr^t  two  sections  the  river  receives 
considerable  pollution  from  the  sewage  of  Nashua  and  other  places 
in  the  Nashua  basin,  and  from  the  city  of  Lowell,  but  in  the  lust 
section  the  increase  in  free  ammonia  taiies  place,  without  any  large 
amount  of  polluting  matter  entering  the  river  to  account  for  it. 
From  above  Lowell  to  Central  Bridge,  and  from  above  to 
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Lawrencei  there  \b  a  decreoae  in  the  amoaat  of  free  ammonia,  not- 
witbstaadiog  the  large  amount  of  ammonia  which  enters  the  river  in 
the  sewage  from  these  cities.  Whether  this  is  in  any  way  connected 
with  the  large  fall  of  the  river  at  these  places  cannot  be  said  with 
certainty. 

In  the  case  of  the  albuminoid  ammonia  in  suspension  the  results 
are  just  the  reverse  of  those  found  with  the  free  ammonia.  The 
amount  of  the  former  is  greater  just  below  where  polluting  matters 
are  discharged  into  the  stream,  where  the  current  is  strong,  and 
less  at  more  distant  points,  where  the  current  is  sluggish,  so  tliiil 
the  suspended  particles  are  deposited. 

Chemical  Examinalion  of  Water  from  Lake  Winnipiteogee  at  Lake  Village,  N.  U. 
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<^mieal  Examination  of  Water  fnm  the  Merrintaek  Biver  below  Lawrence  and 
jusl  above  the  Mouth  of  the  Shawihetn  Miner — Concluded. 
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(^itmioat  Examinatian  of  Water  front  the  Merrimack  River  above  Baverhill  —  Con. 
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Table  showing  the  Flow  of  the  Merrimack  River  at  Lawrence, 


MOXTH. 


Day  on  which 

Samples 

were  collected 

at 

Lawrence. 


VOLUXB  rLOWIHO   IV  THK  BlTU  IH  CUBXC  FSKT 

psm  SxcoMD. 


Arerage 
Bate  of  Flow 

during  11 
Hoars  of  the  Day 

on  which 
Samples  were 

collected. 


ATerage 

Bate  of  Flow 

during  24 

Hoars  of  the  Day 

on  which 

Samplea  were 

collected. 


Arerage  Bate 

of  Flow 
daring  94  Hoars 

the  Month. 
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July 
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December,    .       .       •       •       • 
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January, 

February 

March 

April 

May, 
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90 
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15 
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16 


18 
22 
22 
19 
17 
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0,820 

12,781 

14,076 

27.796 

23,650 

6,472 

2,442 

2,642 

7,840 

13,686 

15,034 

16,660 

13,603 

7,108 

12,252 

12,368 

7,611 


NoTB.  — This  tabic  has  been  prepared  from  information  furnished  by  EUram  F.  Mills,  engineer  of 
the  Essex  Company,  Lawrence,  and  member  of  the  State  Board  of  Health. 


Miller's  Eiver. 

The  Miller's  Eiver,  one  of  the  chief  tributaries  of  the  Connecticut, 
rises  in  the  vicinity  of  Ashburnhara,  Mass.,  and  flows  in  a  generally 
westerly  direction  to  the  Connecticut  River  near  Miller's  Falls,  about 
seven  miles  above  the  mouth  of  the  Deerfield  River  and  ten  miles 
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soath  of  the  New  Hampshire  state  line.  The  basin  lies  to  the  north  of 
the  Chicopee  basin  and  occupies  the  northern  portion  of  Worcester 
County  and  the  eastern  portion  of  Franklin  County. 

The  drainage  area  of  the  river  is,  as  a  rule,  hilly.  Near  its  mouth 
the  hills  are  very  high  and  rise  abruptly  with  steep  slopes  from  the 
water.  In  other  portions  of  the  area  the  hills  are  more  scattered, 
and  in  some  places  there  are  considerable  areas  of  comparatively  flat 
land.  There  are  many  lakes  and  ponds,  the  larger  of  which  (IG  in 
all)  have  an  aggregate  area  of  about  3,200  acres.  Some  of  these 
bodies  of  water  are  used  as  storage  reservoirs  to  supply  the  mills  with 
water  during  dry  seasons.  The  fall  of  the  river  is  large,  amounting 
to  about  775  feet  from  Winchendon,  which  is  near  its  head,  to  its 
mouth. 

A  careful  examination  of  the  Miller's  River  basin  was  made 
by  the  State  Board  of  Health,  Lunacy  and  Charity  in  1880,  the 
results  of  which  are  given  in  the  supplementary  report  of  the 
board  for  that  year,  pp.  12-21.  The  following  table  containing  a 
summary  of  the  polluting  manufactures  in  the  valley  at  that  time 
is  taken  from  page  20  of  that  report :  — 


MANUFACTURES. 


Naml>er. 


Cotton  mills,     .       .        .        . 
Woolen  mHla,  .... 

Shoddy  mllla 

Wool-aconring  miJla, 

Piper  mllli 

Tanneries,        .       .       .        . 
Machine  shops  and  fonndries, 
Sewing  machine  faotortea, 
Oas  works,       .... 
Shoe  factoriea,         .  . 

Dye  houses,     .... 
Blanket  shops, 

Touls 


40 


Operatives 
Employed. 


5 

315 

2 

165 

8 

310 

2 

8 

2 

25 

1 

U 

14 

618 

1 

400 

1 

2 

2 

240 

1 

1 

1 

15 

2,113 


This  table  does  not  include  chair  factories  and  other  wood-workinjj 
establishments,  as  they  are  not  classed  as  polluting.  These  are, 
however,  the  chief  manufacturing  industries  of  the  valley,  and  em- 
ploy more  operatives  than  all  the  others. 
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The  population  and  drainage  ar 
main  rivar  and  a  tributary  are  givei 


y  above  certain    points 
in  the  following  table ; 
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The  population  per  square  mile  is  small,  but  is  increasing  quiter 
rapidly,  owing  to  the  rapid  growth  of  tlie  larger  towns.  Most  of 
the  smaller  towns  are  decreasing  in  population.  Gardner  (popula- 
tion in  1885,  7,283)  is  the  largest  town  on  the  watershed,  and 
nearly  all  of  it  drains  naturally  into  Otter  River,  at  or  above  the 
mouth  of  Pond  Brook.  The  population  is  more  dense  above  this 
point  than  above  any  other  ou  the  main  river  or  its  larger  tribu- 
taries. The  population  of  the  valley  is  nearly  all  concentrated  la. 
the  manufacturing  towns  and  in  the  villages  along  the  streams. 

Three  of  the  towns,  Gardner,  Atliol  and  Orange,  have  public 
water  supplies.  Winchendon  and  Miller's  Falls  eacb  have  a  limited 
supply,  from  springs  in  the  neighboring  hills.  The  supply  for 
Orange  is  usually  obtained  from  a  spring,  but,  as  it  docs  not  furnish 
enough  water  in  dry  seasons,  the  supply  is  then  taken  directly  from 
the  river.  At  the  present  time  no  town  in  the  valley  has  a  system 
of  sewerage,  but  sewers  are  soon  to  be  built  at  Orange  and 
Gardner, 

Examinations  of  water  collected  from  the  river  at  its  mouth  have- 
been  made  monthly  from  June,  lt*87,  to  May,  1889,  inclusive.  One 
sample  collected  from  the  river  above  Winchendon  has  also  been 
examined.  Measurements  of  the  flow  of  the  river  at  Orange  were 
made  during  the  months  of  October,  November  and  December,  1887. 
Tables  giving  the  results  of  these  investigations  are  appended. 
Analyses  of  other  surface  waters  in  the  basin  may  be  found  in  the 
preceding  portion  of  this  report,  as  follows :  — 

Aabhurahain,  Upper  Nunkeag  Fond,        ....  page    19 

Athol,  Buckman  Brook  Reservoir, puge    30 

Athol,  Fhillipston  Reservoirs, page    31 

Gardner,  Cryatal  Lake, page  134 
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The  water  of  the  river  13  dark  colored  in  all  parta  of  ita  course, 
owing  probably  to  contact  with  Bwamps.  The  snalyues  do  not, 
however,  indicate  that  the  rirer  is  at  present  polluted  to  any  con- 
siderable extent ;  a  result  -^which  is  due  to  the  large  volume  of  water 
flowing  in  the  river  in  comparison  with  the  popnlation  on  the  water- 
shed, the  absence  of  sewerage  systems  discharging  directly  into  the 
streams,  and  the  comparatively  small  quantity  of  polluting  manu- 
fiicturiug  wastes  turned  into  them. 


Chemical  Examination  of  Waler  from  Miller's  River  above  Winekendon. 
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jTofr^  showing  the  Flow  of  MtlUr's  River  at  Dam  of  Sew  Home  Sewing  Machine 
Company,  Orange. 


MOSTH. 

HiuariFiOi. 

the  m''«iiU. 

Cu.  n.  per  See. 

Cl..fl.p.TSrc 

.M». 

s 

440 

400 

Nashua  Rivbe. 

The  Nftshua  River  ia  formed  at  LaDcaster,  in  the  eastern  part  of 
Worcester  County,  by  the  conflaence  of  its  North  and  South  branches, 
and  Sows  north-easterly  22^  miles  in  Massachusetts  and  9  miles 
in  New  Hampshire  to  the  Merrimack  River  at  Nashua.  It  drains  a 
territory  of  527.9  square  miles,  of  which  444.4  are  in  Massachusetts 
and  83  5  in  New  Hampshire. 

The  North  Branch  is  formed  by  the  union  of  three  streams  in  the 
south-western  portion  of  the  city  of  Fitchburg,  and  flows  thence  in 
a  north-eiistcrly  direction  to  the  central  portion  of  the  city,  where  it 
turns  to  the  south-east  and  flows  in  this  direction  to  its  mouth. 

The  South  Branch  is  formed  at  West  Boylston  by  the  union  of  the 
Stillwater  and  Quinepoxet  rivers,  which  rise  respectively  in  Prince- 
ton and  Rutland,  and  thence  flows  south-easterly  and  then  north- 
easterly 12^  miles  to  its  mouth.  About  three  miles  above  its  mouth 
it  passes  through  Clinton,  which  is  the  only  large  town  upon  it. 
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The  main  river  has  no  important  town  upon  it  in  Maasachusetts, 
The  diiiinage  urea,  of  the  river  is  generally  hilly  and  rolling,  the 
hills  near  the  sources  of  the  larger  tributaries  being  high  and  tsteep. 
lu  the  iuimediate  vicinity  of  the  main  river  the  land  is  generally 
level  and  elevated  but  slightly  above  the  stream.  In  most  parts, 
however,  the  land  ia  high  enough  to  confine  the  rivev  within  its 
bunks  except  during  high  freshets.  The  Xorth  and  South  branches 
and  their  tributaries  have  a.  rapid  fall,  and  are  well  utilized  for 
power.  The  main  river  has  hut  little  fall,  except  near  its  mouth  at 
Nashua,  where  there  are  large  cotton  mills.  There  are  a  number  of 
ponds  and  storage  reseiToirs  on  the  drainage  area,  by  which  the  dry 
iveather  flow  of  the  streams  is  increased  to  some  extent.  The 
available  storage  on  the  North  and  South  branches  of  the  river  i3 
greater  than  in  other  parts  of  the  watershed. 

The  following  table  gives  statistics  of  drainage  areas,  population, 
etc.,  in  the  Kaahua  Eiver  Valley  ;  — 
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The  portions  of  the  valley  which  possess  the  greatest  interest  from 
a  sanitary  point  of  view  are  the  north  branch  where  it  is  affected 
by  the  sewage  of  Fitchburg  and  Leominster,  the  lower  portion  o{ 
the  south  branch  below  Clinton,  and  the  upper  poiiion  of  this 
stream,  which  may  lie  considered  as  a  possible  future  souree  of  water 
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supply  for  the  large  population  in  and  about  Boston.  These  por- 
tions have  received  special  attention  with  regard  to  the  analyses  of 
the  waters,  and  will  be  described  in  some  detail. 

The  city  of  Fitchburg  had  in  1885  a  population  of  15,375,  and 
the  town  of  Leominster,  five  miles  below  Fitchburg,  a  population 
of  5,297,  making  the  aggregate  population  in  these  two  towns  which 
drain  into  the  north  branch  20,672.  The  population  of  these 
towns  in  1888  is  estimated  at  25,500.  The  city  of  Fitchburg  has 
many  sewers  which  discharge  directly  into  the  river.  The  town  of 
Leominster  discharges  some  sewage  into  Monoosnoc  Brook,  a  tribu- 
tary of  the  north  branch.  This  brook  has  a  fall  of  over  130  feet, 
which  is  fully  utilized  for  power,  and  it  consequently  receives  much 
manufacturing  sewage. 

The  foil  of  the  river  in  the  towns  of  Fitchburg  and  Leominster  is 
iflbout  300  feet,  nearly  all  of  which  is  utilized  for  power  by  mills 
of  various  kinds  from  which  the  manufacturing  wastes  and  sewage  of 
the  operatives  are  turned  directly  into  the  stream.  Below  Leomin- 
ster down  to  the  junction  of  the  branches  the  stream  has  much  less 
fall  and  receives  comparatively  little  polluting  matter. 

The  town  of  Clinton  had  in  1885  a  population  of  8,945  and  in 
1888  an  ^estimated  population  of  9,700.  The  larger  portion  of  this 
town  drains  naturally  into  a  small  tributary  of  the  south  branch, 
known  as  Coachlace  Brook,  upon  which  is  also  located  the  extensive 
works  of  the  Bigelow  Carpet  Company.  A  smaller  portion  of  the 
town  drains  directly  into  the  south  branch  in  the  vicinity  of  the 
Lancaster  Cotton  Mills.  During  the  time  in  which  the  analyses  given 
in  this  report  were  being  made,  the  sewage  from  a  large  part  of  the 
population  in  the  valley  of  Coachlace  Brook,  and  the  wool  washings 
and  other  manufacturing  wastes  from  the  works  of  the  Bigelow 
Caqiet  Company  were  turned  either  directly  into  the  brook  or  into 
a  mill  pond  upon  it  known  as  Counterpane  Pond,  making  them 
very  offensive.  An  intercepting  sewer  has  since  been  built  to  divei-t 
the  sewage  from  the  brook  and  carry  it  to  the  river. 

The  Lancaster  Cotton  Mills  employ  about  2,000  operatives,  and 
all  sewage  and  manufacturing  wastes  from  the  mills  and  some  sewage 
from  the  houses  belonging  to  the  company  are  turned  directly  into 
the  stream. 

The  population  in  the  valley  of  the  river  above  these  mills  is  small, 
amounting  in  1885  to  but  72  persons  per  square  mile.  Water  for 
use  in  the  mill  and  the  houses  in  the  vicinity  is  pumped  directly 
from  the  river. 
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An  examination  of  the  portion  of  the  Nashua  River  basin  in 
Massachusetts  was  made  by  the  State  Board  of  Health  in  1876,  the 
results  of  which  are  published  in  the  eighth  annual  report  of  the 
Board,  January,-  1877,  pp.  21-fi7.  The  following  table  taken  from 
page  35  of  that  report  gives  a  summary  of  the  manufacturing  at 
that  time :  — 
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Examinations  of  the  water  of  the  south  branch  of  the  Nashm 
River  above  Clinton  were  made  monthly  from  June,  1887,  to  May, 
18'S!t,  inclusive,  and  similar  examinations  of  the  main  river  at  Mine 
Falls  above  Nashua,  N.  H.,  were  made  from  June,  1887,  to  Decem- 
ber, 1888,  inclusive.  The  results  of  these  analyses  are  given  in  the 
appended  tables.  Records  of  the  flow  of  the  river  were  kept  at  the 
Lancaster  Mills,  Clinton,  and  at  the  Jackson  Company's  Mills  at 
Nashua  from  October,  1887,  to  December,  188S.  The  records  of 
volumes  flowing  per  square  mile  of  watershed  at  the  former  place 
differ  widely  from  those  at  the  latter  and  at  other  places  in  the 
State,  and  the  results  are  therefore  not  published.  The  volumes 
flowing  at  Nashua  are  given  in  an  appended  table  after  the  an.ilyse9. 

A  special  examination  of  the  north  and  south  branches  of  the 
river  was  made  Sept.  14—17,  1888,  the  results  of  which  are  given 
in  full  in  the  tables  of  analyses.     The  amount  of  free  ammonia, 
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chlorine,  and  nitrogen  as  nitrites  at  each  point  is  shown  on  the  map 
on  page  472,  the  figures  given  being  in  many  cases  averages 
of  several  samples.  At  the  time  the  special  examination  of  the 
river  was  made,  the  flow  of  the  river  was  small,  but  it  was  by  no 
means  an  unusually  low  dry  weather  flow.  The  examinations  in  the 
vicinity  of  Clinton  and  at  the  mouth  of  the  branches  were  made  on 
Monday,  and  the  results  may  differ  somewhat  from  those  which 
would  be  obtained  later  in  the  week,  on  account  of  the  unusual 
conditions  which  exist  on  Sunday  when  the  water  of  the  river  is  held 
back  to  a  large  extent  in  mill  ponds. 

Tlie  four  samples  above  Fitchburg  serve  to  indicate  the  character 
of  the  water  of  the  north  branch  before  polluting  material  has  been 
turned  into  it  at  Fitchburg.  The  samples  collected  below  Fitchburg 
indicate  the  character  of  the  water  after  receiving  the  domestic  and 
manufacturing  sewage  of  this  city.  The  samples  collected  at  North 
Leominster  show,  by  comparison  with  those  taken  above,  the  change 
that  has  taken  place  in  the  character  of  the  water  after  flowing  about 
two  miles  with  a  sluggish  current  and  being  diluted  with  about  30 
per  cent,  of  its  volume  of  comparatively  pure  water.  In  like 
manner  the  samples  from  the  mouth  of  Monoosnoc  Brook  show  the 
extent  to  which  this  stream  is  polluted ;  and  those  taken  near  the 
mouth  of  the  north  branch  show,  by  comparison  with  those  taken 
next  above,  the  change  in  the  character  of  the  water  due  to  flowing 
ten  n)iles  and  being  diluted  with  the  flow  from  57  per  cent,  more 
draina":e  area. 

The  samples  from  the  south  branch  at  Cunningham's  Bridge, 
above  Clinton,  represent  the  water  of  this  stream  where  it  has 
received  only  a  comparatively  small  amount  of  sewage  and  manu- 
facturing refuse ;  those  taken  above  the  mouth  of  Coachlace  Brook 
were  affected  by  the  Lancaster  Mills  and  a  small  portion  of  the 
population  of  Clinton ;  while  those  taken  near  the  confluence  with 
the  uoii:h  branch  were  affected  by  all  of  the  sewage  and  manufacturing 
wastes  turned  into  the  stream  at  Clinton.  The  samples  from  Coach- 
lace Brook  at  its  mouth  were  affected  by  the  sewage  of  a  large  part 
of  Clinton  and  that  of  the  Bigelow  Carpet  Company. 

The  sami)les  collected  from  the  main  river  above  Nashua  represent 
the  character  of  the  water  as  it  leaves  the  State  and  before  any 
sewage  has  been  turned  into  it  at  Nashua. 

The  examinations  of  the  water  of  the  south  branch  above  Clinton 
show  that  it  is  naturally  a  very  good,  soft  water,  having  compara- 
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tively  littlo  color  and  that  it  is  not  polluted  to  any  considerable  extent. 
The  water  below  the  Lancaster  Mills  and  above  the  mouth  of  Coach- 
lace  Brook  varied  little  in  quality  from  that  taken  above  the  mills. 
The  water  from  Coachlace  Brook  was  extremely  foul,  and  that  from 
the  mouth  of  the  south  branch,  below  this  brook,  was  much  polluted. 

Tile  water  of  the  north  branch  is  seriously  polluted  at  all  points 
below  Fitchburg.  Just  below  the  city  it  is  worse  than  at  any  other 
place  on  this  branch,  and  also  worse  than  at  any  point  on  the  south 
branch,  thougli  not  nearly  as  bad  as  the  water  of  Coachlace  Brook. 
From  below  Fitchburg  to  the  mouth  of  the  branch  the  iinalyscs  show 
a  progressive  improvement  in  the  quality  of  the  water,  and  at  the 
latter  place  it  was  less  polluted  when  the  samples  were  taken  than 
the  water  of  the  south  branch.  The  water  of  Monoosnoc  Brook  was 
polluted  to  a  considerable  extent,  though  less  than  the  stream  into 
which  it  empties. 

The  water  above  Nashua  is  of  much  better  quality  than  at  the 
conllucnce  of  the  branches,  though,  except  at  times  of  high  flow,  the 
fact  that  the  water  is  polluted  can  easily  be  detected  by  chemical 
analyses. 

Examinations  of  other  sui-face  waters  in  the  Nashua  River  basin 
have  l>een  made  and  are  given  in  the  preceding  portion  of  this 
report  as  follows  :  — 

Asbburnham,  Storage  Reservoir, page  18 

Aypr,  Sandy  Pond, psige  28 

Clinton,  Wattr  Works  Reservoirs,      ....    ]»iges  li)2-101 

Clinton,  Heywood'a  Pond, pagu  lit 

Ijeoniinster,  Haynes  Reservoir, l>ag"  1S8 

Leominster,  Morao  Reservoir, page  189 


Chemical  Examination  of  Water  from  the  Trii/ularies  of  the  North  Branch  of  the 
Nashua  Biver  above  FUehburg. 


' 

!,«.« 

»„..,„,„. 

^=S1. 

A-.0,,.. 

~'~ 

.-r,.= 

i 

1 

|i 

S     '     1 

1  ■  1 

1 

i 

jt 

1 

1 

ii 

i 
1 

i  i  s 

}i:i 

B.pt.U 

MS. 

Sept.  IB 

Slight. 

c...«.y.. 

..» 

4.U 

1.16 

tM 

.WW 

•MM 

.mo 

.. 

.-.™, 

81T! 

s^t.u 

— 

V.ry.llgbt 

Sllghl, 

o.w 

4.10 

I.H 

t.K 

.Ml* 

■'Z 

.W70   .OWI 

WATER  SUPPLY  AND  SEWERAGE. 


[De, 


Chemical  Examination  of  Water  from  the  Triliutarieg  of  the  North  Branch  of 
the  Nashua  River  above  FUckburg  —  Concluded. 
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Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River 
at  Leomingier. 
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Chemical  Examination  of  Water  from  Monoosnoe  Brook  at  Leominster. 
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Ckemicat  Examinalum  of  Water  from  the  North  Branch  of  Oie  Nathua  River  just 
above  Un  Conffuence  with  the  South  Branch  at  Lancatler. 
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Chemie<U  Examination  of  Water  from  the  South  Branch  of  the  Nashua  Ricet 
above  Clinton, 
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Mierotcopical  Examination. 
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Table  showing  the  Flow  of  the  Nashua  River  at  the  Dam  of  the  Jackson  Co.^ 

Nashua^  N,  H, 


MONTH. 

Day 

on  which  the 

Aamnle 
was  collected 

ft>r 

Analysis  at 

Clinton. 

Day 

on  which  the 

Sample 
was  collected 

for 

Analysis  at 

Nashua. 

Flow  during 
Working  Hours 

on  the  Day 
the  Sample  was 

collected  at 
Clinton. 

Flow  daring 
Working  Hours 

on  the  Day 
the  Sample  was 

collected  at 
Nashua. 

Average  Flow 

duniii; 

Worklnir  lloon 

for 

the  Month. 

Cu.  ft.  per  sec. 

Co.  ft.  per  sec 

Cu.  ft.  per  sec. 

1887. 

October,  . 

20 

18 

587 

668 

601 

JPTovembcr, 

21 

15 

851 

065 

718 

December, 

•               • 

21 

15 

859 

947 

851 

1888. 
January, . 

le 

18 

837 

806 

768 

Febmary, 

13 

15 

603 

659 

1,112 

March,     . 

12 

15 

668 

668 

1.327 

April, 

16 

18 

8,293 

2,018 

2,117 

May, 

14 

Ifl 
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1,784 
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' 

12 

14 
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719 
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July, 
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19 
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Angnat,  . 
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849 
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September,     . 

17 

20 
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1,224 

October,  . 

10 

17 
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2.503 

2.535 

November, 

;     i« 

15 

698 

- 

- 

December, 

1     13 

11 

1,911 

1,613 

2,078 

Neponset  River. 

The  Neponset  River  basin  lies  to  the  south-east  of  the  Charles 
River  basin  and  occupies  the  central  part  of  Norfolk  County.  It 
rises  in  the  Neponset  Reservoir  in  the  town  of  Foxborough,  and 
flows  thence  in  a  generally  north-easterly  direction  to  Dorchester 
Bay,  draining  an  area  of  114.1  square  miles. 

At  Hyde  Park  the  river  is  joined  by  its  principal  tributary, 
Mother  Brook,  which  has  a  comparatively  small  waterahed  of  its 
own,  but  is  legally  entitled  to  receive  at  its  upper  end  one-third  of 
the  water  flowing  in  Charles  River.  It  may  therefore  be  considered 
as  having,  in  addition  to  its  own  watershed,  one-third  of  that  of  the 
Charles  River  above  it,  equal  to  66.2  square  miles. 

The  watershed  of  the  Neponset  River  is  generally  a  hilly  and 
rolling  country,  some  of  the  hills,  notiibly  those  in  the  Blue  Hill 
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range,  being  high  and  steep.  Between  Norwood  and  Hyde  Park, 
the  river  for  more  than  seven  miles  meanders  with  a  sluggish  cur- 
rent through  very  extensive  meadows  and  swamps  which  are  gener- 
ally wet  throughout  the  year.  There  are  also  swamp  and  meadow 
lands  in  other  portions  of  the  watershed  and  several  large  ponds, 
which  store  considerable  water  and  tend  to  keep  up  the  dry  weather 
flow  of  the  stream.  The  total  storage  capacity  is,  however,  com- 
paratively small,  and  the  stream  becomes  very  low  in  dry  seasons. 
The  fall  of  the  stream  is  capsiderable,  being  over  260  feet  from 
Neponset  Reservoir  to  its  mouth,  a  distance  of  25  miles ;  by  far  the 
greater  part  of  this  fall  occurs  above  the  great  meadows. 

The  water  of  the  river  is  not  used  directly  for  domestic  water 
supply,  but  the  Hyde  Park  Water  Company  obtains  water  for  sup- 
plying the  town  from  tubular  wells  driven  near  the  river  a  short 
distance  above  the  mouth  of  Mother  Brook. 

Above  these  wells  the  river  drains  an  area  of  94. 8. square  miles, 
which  contained  in  1885  a  population  of  15,270,  equal  to  161  per- 
sons per  square  mile.  Below  this  point  the  population  is  much 
more  dense,  and  is  growing  rapidly  on  account  of  its  proximity  to 
Boston. 

The  valley  contains  the  whole  or  a  considerable  portion  of  nine 
cities  and  towns,  eight  of  which  have  public  water  supplies.  None 
of  them,  however,  have  public  sewers  except  Boston,  which  has  in 
the  aggregate  five  miles  in  the  Dorchester  District  discharging 
directly  into  the  tidal  portion  of  the  river. 

Careful  examinations  of  the  valley,  with  reference  to  the  pollution 
of  the  streams,  were  made  by  the  State  Board  of  Health  in  1875, 
and  by  the  Massachusetts  Drainage  Commission  in  1885.  The 
results  of  the  former  are  given  in  the  Seventh  Annual  Report  of 
the  Board,  January,  1876,  pp.  89-97 ;  and  the  latter  in  the  report 
of  the  Commission,  pp.  76-95.  These  examinations  show  that  the 
water  power  of  the  streams  has  been  quite  completely  develoi)ed  and 
that  there  is  a  very  large  amount  of  manufacturing,  particularly  in 
the  upper  portions  of  the  valley,  in  proportion  to  the  size  of  the 
streams ;  also,  that  the  factories  in  many  cases  discharge  much 
objectionable  refuse. 

The  following  table,  compiled  from  the  report  of  the  Commission, 
gives  a  summary  of  the  manufacturing  in  the  valley  in  1885  :  — 
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MANUFACTURES. 


Openttres 
Employed. 


Woolen  mills, 
Cotton  mills,  . 
Paper  mills,   . 
811k  mills,      . 
Emer}'  mills, . 
Iron  and  metal  works, 
Stove  polish  works, 
Rabbcr  works, 
Paint  works,  . 
Printing  Ink  works. 
Chocolate  factory, 
Cnrled  hair  factory, 
Bleachery, 
Tanneries, 

Dye  and  color  works. 
Totals,     . 


1,138 
641 
275 
150 

20 
019 

40 

60 
4 

16 
200 
130 

22 
250 

18 


8,573 


Note.  — In  addition  to  the  above  there  are  a  starch  factory,  dye  works  and  several  shoe  factorlaa 
in  the  valley,  in  which  the  number  of  operatives  is  not  given. 

Wool  is  scoured  at  seven  of  the  nine  woolen  mills.  At  the  wool- 
scouring  mill  of  E.  F.  Lewis  in  Walpole,  nearly  as  much  wool 
was  scoured  in  1885  as  at  all  the  other  mills  in  the  valley,  and  on 
account  of  the  objection  to  the  pollution  of  the  stream  by  the  refuse 
from  the  mill  the  business  has  recently  (1890)  been  removed  from 
the  valley. 

Examinations  of  the  water  of  the  river  opposite  the  wells  of  the 
Hyde  Park  Water  Company  were  made  monthly  from  June,  1887, 
to  May,  1889,  inclusive,  and  measurements  of  the  flow  of  the  river 
at  Mattapan  were  made  during  the  months  of  October,  November 
and  December,  1887  ;  the  results  are  given  in  the  appended  tables. 
The  flow  of  Mother  Brook  from  October,  1887,  to  December,  1888, 
is  given  on  page  405. 

Examinations  of  other  surface  waters  in  the  Neponset  basin  have 
been  made,  and  are  given  in  the  preceding  portion  of  this  report,  as 
follows :  — 

Canton,  York  Pond, page   94 

Hyde  Park,  Sprague  Pond, page  167 

Norwood,  Buekmaster  Pond, page  260 

Sharon,  Mann's  Pond, page  291 


1889.] 


"WATER  SUPPLY  AND   SEWERAGE. 


485 


The  examinatioDS  of  the  Massachusetts  Drainage  Commission 
showed  that  a  part  of  the  upper  portion  of  the  river  and  its  tribu- 
taiy  brooks  were  badly  polluted  by  the  discharge  of  maDufticturing 
sewage,  chie&y  from  wool-scouring  mills,  tanneries  and  dyeworks. 
and  their  waters  were  thereby  rendered  unfit  for  use  in  some  manu- 
facturing operations. 

Opposite  the  wells  of  the  Hyde  Park  Water  Company  the  pollu- 
tion was  said  to  be  noticeable  to  the  eye.  The  analyses  given 
below  also  show  that  the  amount  of  pollution  at  this  point  is  con- 
siderable, notwithstanding  the  fact  that  the  flow  of  the  river  was 
never  very  low  during  the  time  covered  by  these  examinations. 

A  branch  aewer  of  the  main  drainage  works  of  Boston  is  now 
being  built  to  protect  the  lower  portion  of  the  river  from  pollu- 
tion by  the  sewage  of  Dorchester. 
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Chemical  Examination  of  Water  from  the  Ifepoiuel  Biver  oAotM  Si/ib  Park  —  Con. 
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Table  shotcing  the  Flow  of  the  Neponsel  River  at  the  MaUapan  and  Sumner  Mill^ 

MaUapan. 


MONTH. 


Day  on 
which  Sample 

wu 
otdlectrd  fbr 

Analysis 
at  Hyde  Park. 


Klow  During 
Working  Hours 

on  the  Day 

the  Sample  was 

collected. 

Cn.  ft.  per  sec 


Average  Flow 

during 

Working  Ilunn 

for 

the  M(»nth. 


Co.  ft.  per  sec. 


1887. 

October, 

NoTcmber, 

December, 


11 
13 


133 
133 
162 


134 
138 
158 


Note.  — The  drainage  area  of  the  Nepootet  River  at  ICattapan  la  100.3  aquare  rotlea;  one-third  the 
area  of  the  Charlea  River  at  Mother  Brook  la  06.2  square  miles,  making  the  total  drainage  area  at  Matta- 
pan  106.6  square  miloa  wheiief  er  oiM>third  the  water  of  Cbarlea  River  is  being  drawn  through  Mother 
Brook. 

Shawsheen  River. 

The  Shawsheen  River  is  formed  about  one  mile  east  of  the  village 
of  Bedford  by  the  confluence  of  several  brooks  which  rise  in  Lex- 
ington and  Lincoln,  and  flows  thence  in  a  generally  north-easterly 
direction  to  the  Merrimack  River,  just  below  the  city  of  Lawrence, 
draining  a  temtory  of  75.4  square  miles.  This  territory  is  flat 
in  the  middle  portion  and  rolling  or  even  hilly  near  the  sources  and 
along  the  lower  portion  of  the  river.  The  soil  is  generally  sand  or 
gravel.  Through  the  flat  territory  the  river  is  bordered  for  a  long 
distance  by  meadows  or  swamps,  and  its  flow  is  very  sluggish. 

Above  Ballardvale,  which  is  nearly  seven  miles  by  the  river  from 
its  mouth,  there  is  little  or  no  manufacturing,  while  at  and  below 
this  place  the  river  has  considerable  fall  which  is  fully  utilized  for 
power.  There  are  few  ponds  on  the  watershed  and  its  dry  weather 
flow  is  small. 

The  iK)rtion  of  the  river  above  the  crossing  of  the  old  Middlesex 
Canal,  which  is  just  above  the  Boston  &  Lowell  Railroad,  has  been 
proposed  as  a  source  of  water  supply  for  Boston  and  cities  and 
towns  in  its  vicinity ;  but  authority  to  take  it  has  not  yet  been 
granted  by  the  Legislature. 

The  following  table  gives  statistics  of  drainage  area  and  popula- 
tion at  the  old  Middlesex  Canal  and  at  the  mouth :  — 


Distance 
above  M»uth 


Miles. 


Drainage 
Area. 

8q.  Miles. 


At  Old  Middlesex  Canal  crossing, 
At  Mouth,  Lawrence,    . 


12 
0 


34.1 
75.4 


Population  :  J'"P»l«/«'>n 


3,310 
11,182 


S4iuar«  Mile. 

97 
148 
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The  more  important  towns  in  the  basin  are  Andover  and  Lexing- 
ton, both  of  which  have  public  water  supplies  but  no  system  of 
sewerage.  The  former  is  situated  about  four  miles  from  the  mouth 
of  the  river  and  had  in  1885  a  population  of  3.711,  nearly  all  within 
this  Imsiu :  the  latter  is  situated  ut  the  head  waters  of  the  river,  and 
ft  little  more  than  half  of  its  population  of  2,718  in  1885  was  within 
the  Shawsheen  drainage  area. 

Examiuations  of  water  from  the  river  at  the  old  Middlesex  Caoat 
were  made  monthly  from  June,  1887,  to  May,  1889,  and  the  results 
are  given  in  the  appended  tables. 

The  water  is  characterized  by  its  dark  color  and  high  albuminoid 
ammonia,  and,  although  but  slightly  polluted  by  the  population  on 
its  watershed,  would  not  in  its  present  condition  be  satisfactory  for 
water  supply  purposes. 

Chemiral  Eenmination  if  Water  from  the  Shawaheen  lliver  at  Wilmington, 
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Stony  Brook  (Boston). 

Thia  small  stream  was  selected  for  exuminstion  bficause  of  the  very 
Iftrge  population  upon  its  drainage  area  and  because  the  attempt  is 
made  to  prevent  its  pollution.  It  rises  in  Muddy  Pond,  in  a  very 
sparsely  settled  section  of  the  suburbs  of  Boston,  and  flows  thence 
through  a  populated  portion  of  the  town  of  Hyde  Park  into  the  West 
Roxbui'y  District  of  Boston.  In  the  lower  portion  of  West  Roxbury 
and  in  Roxbury  It  flows  in  a  walled  channel  through  a  thickly  popu- 
lated territory  down  to  the  head  of  a  conduit  recently  built  to  carry 
its  flood  waters.  At  this  point,  and  at  two  points  farther  up  stream, 
samples  of  water  were  collected  monthly  for  analysis  from  February 
to  May,  1889.  An  intercepting  sewer  to  carry  the  dry  weather  flow 
of  sewage  and  a  portion  of  the  rain  water  runs  nearly  parallel  with 
the  brook,  and  is  provided  with  overflows  to  discbarge  into  it  the 
surplus  water  during  heavy  rains. 

Statistics  regarding  the  di-ainage  area,  and  the  number  of  houses 
connected  with  the  sewers  above  the  three  points  where  samples 
were  collected,  are  given  in  the  following  table  :  — 


"I'ir 

NambM 
Hnuu. 

•f  ItS  newtn 

Ifr  l>nt.  q* 

Sl.  MiM. 

-«nSJ3S. 

WwtttMburyJinlrtowSepoiuM 

B,TOO 

6,4M 

2.m 

WhI  Roibnry,  below  Fanal  Htlla 

,. 

ttoibnrf,  ntbwdoriwiriKindiiit,  . 

12.72T 

The  brook  was  low  for  the  season  of  the  year  when  the  samples 
were  collected,  but  not  as  low  as  during  a  dry  time  in  summer. 

The  analyses  given  below  show  that  at  all  of  the  stations  the 
amount  of  chlorine  and  nitrates  are  above  the  normal,  indicating  that 
filtered  sewage  reaches  the  brook.  The  amount  of  ammonia  found 
at  the  upper  stations  is  so  small  that  it  is  evident  that  very  little 
sewage  enters  this  portion  of  the  stream  directly.  The  larger 
amount  at  the  lowest  station  shows  that  some  sewage  enters  the 
lower  portion,  but  the  amount  is  small  considering  the  density  of 
the  population. 
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Chemicitl  Examination  of  WaUr  from  Stony  Brook  ai  Ml.  Hope  Station,  West 
Boxburtj. 
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CAemico;  Examination  of  Water  from  Stony  Brook  at  Forest  Bills  Station, 
West  Roxbury. 
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Chemical  Examination  of  Water  from  SUmy  Brook  at  ForeH  BUU  Station, 
WestSoxbury — Concluded. 
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Microscopical  Examination. 


ISA*. 

Feb. 

Mar. 

Apr. 

Maj. 

1.  Blue-green  Algae, 

2.  Other  Algaa,      . 
8.  Fungi, 

4.  Animal  Formi, 


Groupa  and  principal  genera  of  organiama  obaerred :    2.  Deamldiaoem;  Dlatomaceae,  Synedra. 


Taunton  River. 

The  Taunton  River  basin  occupies  the  larger  part  of  the  south- 
eastern portion  of  the  State.  The  river  is  formed  by  the  confluence 
of  the  Town  and  Matfield  rivers,  about  two  miles  east  of  the  village 
of  Bridgewater,  and  flows  thence  in  a  circuitous  course  to  Mount 
Hope  Bay  at  Fall  River,  its  general  direction  being  a  little  west  of 
south.  The  lower  portion,  from  East  Taunton  to  the  mouth,  a  dis- 
tance of  20  miles,  is  afiected  by  the  tides. 

The  watershed  of  the  Taunton  River  is  for  the  most  part  remark- 
ably flat  and  contains  no  important  elevations,  the  highest  points 
being  at  the  divide  between  it  and  the  Neponset.  It  is,  as  a  whole, 
well  wooded.  On  the  upland  pine  trees  are  the  most  abundant, 
while  in  the  swamps  a  heavy  growth  of  cedar  is  frequently  found. 
The  swamps  are  numerous,  and  in  some  cases  very  extensive,  so 
that  they  give  the  w^ater  a  deep  brown  color.  There  are  many 
ponds  and  reservoirs  on  the  watershed,  a  few  of  them  being  very 
large,  and  they  serve  to  increase  the  dry  weather  flow,  particularly 
in  the  Nemasket  River  and  in  the  main  river  below  it. 

The  amount  of  manufacturing  in  the  basin  is  large,  but  more  of  it 
is  done  by  steam  than  by  water  power.  The  principal  manufactures 
are  boots  and  shoes  and  metallic  and  cotton  goods ;  consequently 
the  amount  of  manufacturing  sewage  turned  into  the  streams  is  not 
very  large.  Most  of  the  water  power  is  upon  the  tributaries,  as 
there  are  but  two  falls  on  the  main  river,  one  at  East  Taunton  and 
the  other  fifteen  miles  up  stream  at  Paper  Mill  Village,  Bridgewater. 
The  mill  pond  formed  by  the  lower  dam  extends  nearly  to  the  upper 
one. 

The  Taunton  River  basin  was  examined  by  the  State  Board  of 
Health  in  1875  with  reference  to  the  pollution  of  the  streams,  and 
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the  results  are  published  in  the  seTenth  annual  report  of  the  Board, 

pp.  123-142.     Tlie  most  important  factories  at  that  time  were  cotton 
mills  and  metal  works. 

In  the  basin,  as  a  whole,  the  population  is  not  very  large  ;  but, 
as  many  of  the  larger  communities  are  on  the  tributaries,  there  are 
some  streams  which  receive  the  drainage  from  a  dense  population, 
and  are  therefore  considerably  polluted.     The  principal  cities  and 
towns,   including  all  which   have   public  water  supplies,   together 
with  their  populations  and  the  streams  into  which  they  drain,  are 
given  in  the  following  table :  — 

c„o.„„,           ■ 

P„,c^«o.. 

Ponlun  at  Dnliuft. 

two. 

IfWS. 

T«t,ton 

It, lis 

W,T93 
1,103 

s,Ma 

S,»2T 

a,(BB 
i,m 

1.W9 

2.aia 

SHlUbDiT  PUlB  Rtnr. 
QoHcl  BInr. 

Three  Mile  ELvei. 

Ulddl  tooron  h 

8,01* 

s.no 

The   strcama  most  aifected    by  sewage  are  the   Salisbury  Plain 
River,  just  below  Brockton,  the   Mill  River  in  Taunton,  and  the 
Shumatuscacant,    one   of  the   tributaries   of    the   Satucket,    below 
Whitman. 

Monthly  examinations  of  water  from  the  Taunton  River  at  three 
places,  iind  from  its  principal  tributary,  the  Nemasket  River,  at 
two  places,  were  made  from  June,  1887,  to  May,  1889,  inclusive, 
and  the  results  arc  given  in  appended  tables.     Occasional  examinar- 
tions  were  also  made  of  water  from  many  of  the  other  tributaries. 
Records  of  the  flow  of  the  river  at  the  Old  Colony  Iron  Works  at 
East  Taunton  were  kept  most  of  the  time  from  October,  1887,  to 
December,  1888  ;  but  the  results  vary  so  much  from  those  obtained 
at  other  streams  that  they  are  not  published.    A  careful  measure- 
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just  below  it,  made  od  July  25,  1888,  when  the  volume  jflowing 
was  as  small  as  at  any  time  during  the  year,  gave  the  following 
results :  — 


Total  Flow. 

Flow  per 
rtquarc  Nlilo. 

■ 

Cu.  (L  per  we. 

Cu.  ft.  p*»r  tec. 

Taunton  lUver,  below  the  Nemasket, 

Nemaaket  River,  at  mouth, 

Taunton  River,  above  the  Nemaaket, 

138.6 
66.3 
82.3 

O.bi 
0.7S 
0.45 

The  principal  tributaries  will  now  be  briefly  described  in  their 
order  going  up  stream. 

The  Three  Mile  River  enters  the  Taunton  from  the  noitli- 
west  10.5  miles  above  its  mouth.  It  receives  the  drainage  from 
Foxborough,  Mansfield  and  a  small  part  of  the  city  of  Taunton. 
Its  waters  have  not  been  examined. 

The  Mill  River  flows  through  the  city  of  Taunton  and  enters  the 
main  river  fourteen  miles  above  its  mouth,  draining  an  area  of  about 
forty-seven  square  miles.  There  are  several  important  mills  on  the 
stream  at  Taunton,  and  it  receives  much  sewage  from  the  city  sewers 
and  considerable  drainage  from  the  gas  works.  In  dry  weather  the 
flow  of  the  stream  is  small,  and  its  waters  are  much  polluted.  It  is 
proposed  to  build  a  system  of  sewera  to  carry  the  sewage  to  the 
main  river  below  the  city. 

The  Nemasket  River  enters  the  Taunton  twenty-nine  miles  above 
its  mouth,  near  the  State  Farm  at  Bridgewater.  This  stream  difiers 
from  all  of  the  others  in  that  it  has  at  its  source  several  great  ponds 
or  lakes,  which  give  it  a  larger  summer  flow  and  supply  it  with 
water  having  less  color.  The  areas  of  these  ponds,  as  measured 
from  the  now  State  map,  are  as  follows :  — 


Assawompsett  Pond, 2,691  acres. 

Long  Pond, 1,685  acres. 

Great  Quittacas  Pond, 1,127  acres. 

Elder's  Pond, 149  acres. 

Total, 6,652  acres. 
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These  ponds  can  be  drawn  down  but  two  or  three  feet,  but  their 
area  is  so  great  that  this  furnishes  a  liirge  amount  of  water  for  main- 
taining  the  summer  flow  of  the  river.  Tho  town  of  Middleborough 
is  located  on  the  Nemasket  Kiver,  about  midway  between  Assa- 
wompsett  Pond  and  its  mouth.  The  total  length  of  the  river,  fol- 
lowing its  course,  is  about  nine  miles.  Considerable  sewage  is 
discharged  into  the  stream  from  the  village  of  Middleborough,  and 
much  polluting  matter  from  the  woolen  mill  in  tho  town. 

The  AVinotuxet  River  joins  the  Taunton  al)out  four  miles,  by 
river,  above  the  Nemasket.  It  receives  but  little  artificial  pollu- 
tion, but  large  areas  of  swamp  drain  into  it  and  aflect  the  character 
of  tho  water. 

The  Matfield  River  enters  the  head  of  the  Taunton  and  drains  an 
area  of  77.1  square  miles,  with  a  total  population  of  32,834,  equal 
to  426  per  square  mile.  Most  of  the  population  is  on  its  two  prin- 
cipal afliuents,  namely,  in  Brockton  on  the  Salisbury  Plain  River  and 
in  Abington  and  Whitman  on  the  head  waters  of  the  Satucket.  The 
waters  of  both  of  these  streams  have  been  examined,  as  have  also 
those  of  Beaver  and  Meadow  brooks.  None  of  the  streams  present 
any  special  features  except  with  regard  to  the  population  on  their 
drainage  areas,  the  amount  of  which  Is  indicated  in  the  table  on  the 
following  page. 

The  Town  River  naturally  receives  the  dminage  of  Easton, 
M'est  Bridgowater  and  Brldgowater.  The  population  per  square 
mile,  however,  is  much  less  than  that  upon  the  drainage  area  of 
the  Matfield.  The  water  supply  for  Briilgewater  and  East  Bridge^ 
water  is  obtained  from  wells  located  on  the  bank  of  the  river  in  thd 
former  town. 

The  Taunton  River  is  used  as  a  source  of  water  supply  for  the 
State  Farm  at  Briilgewater  and  for  the  city  of  Taunton.  At  the; 
former  place  the  water  is  taken  directly  from  the  river ;  at  the  latter, 
it  is  taken  in  this  way  only  when  the  supply  from  the  filter  basin  1«. 
insufficient.  i 

The  following  table  gives  sLitistics  regarding  the  drainage  areas 
and  population  at  different  points  on  the  river  and  its  tributaries  : — ■ 
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Dlstanc* 
•bove 

Mouth  of 
Hirer. 


Miles. 


Drainage 
Area. 


8q.  Miles. 


I*opalation 
(1886). 


(*opulation 

p«T 

8q.  Mile. 


SalUbary  Plain  River,  below  Brockton,  near  Him  between 
Brockiou  and  Weat  Brldgewaur, 


Sallabary  Plain  RWer,  at  month, 

Beaver  Brook,  at  month, 

Meadow  Brook,  at  month . 

Shuroatuscacant  River,  one  mile  below  Whitman,  . 

Satncket  River,  at  mouth, 

Matfield  River,  at  mouth, 

Town  River,  at  month, 

Taunton  River,  at  ita  head, 

Winetuxet  River,  at  month 

Taunton  River,  Just  above  the  month  of  the  Nemaaket  River, 

Nemaskct  River,  at  well  of  Middleborong h  Water  Works,    . 

Nemasket  River,  at  month,         ....••• 

Taunton  River,  Juat  below  the  mouth  of  the  Nemaaket, 

Taunton  River,  at  Old  Colony  Iron  Worka,  B.  Taunton, 

Tauntnn  River,  opposite  Filter  Basin  of  Taunton  Water 
Worka, 


Mill  River,  at  mouth, 


Taunton  River,  at  proposed  ontlet  of  Taunton  aewerage  sys- 
tem, al>out  one  mile  below  Weir  Village,  Taunton, 

Taunton  River,  at  mouth  (Railroad  Bridge  at  Bowenville, 
FallKlvor), 


42.7 
40.1 
40.1 

ao.5 

47.2 
37.5 
M.O 
8«.0 
88.0 
82.T 
29.0 
86.0 
29.0 
29.0 
20.4 


15.0 
14.3 


11. S 


0.0 


16.0 

20.5 

0.0 

0.4 

9.7 

86.6 

77.1 

60.1 

137.2 
88.6 

184.0 
60.9 
72.2 

256.2 

289.1 

81*2.4 
47.0 

861.2 

526.2 


21,006 

21,418 
1,072 
1,460 
6,985 
7,860 

82,834 
8,741 

41,575 
1,645 

43,614 
1,877 
4,231 

47,845 

51,043 


1.313 

1,045 

108 

228 

617 

215 

426 

145 

803 

43 

237 

31 

59 

187 

106 


Owing  to  the  character  and  great  area  of  the  swamps  on  the 
watershed,  the  water  of  the  Taunton  River  has  a  deeper  color  than 
that  of  any  other  large  river  in  the  State. 

Taking  the  valley  as  a  whole,  it  may  be  said  that  the  pollution 
from  manufacturing  is  much  less  than  that  from  domestic  sewage. 

A  comparison  of  the  analyses  of  the  Nemasket  River  water,  above 
and  below  Middleborough,  shows  the  effect  of  the  polluting  matters 
discharged  into  the  stream,  although  the  difference  between  the  two 
analyses  is  not  great. 

The  water  of  the  Nemasket  contains  less  organic  matter  of  vege- 
table origin  and  is  less  polluted  than  that  of  the  main  river  into  which 
it  discharges,  consequently  the  water  in  the  main  river  is  of  better 
quality  below  the  junction  than  above  it. 


4!)8 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


The  analysis  of  the  river  water  at  the  Taunton  Water  Works  is 
substantially  the  same  as  at  a  point  just  below  the  Nemasket,  and, 
notwithstanding  the  high  flow  of  the  river  during  the  two  years 
covered  by  the  investigations,  shows  to  some  extent  the  effect  of 
the  popnlution  upon  the  drainage  area  above. 

In  addition  to  the  waters  whose  analyses  are  given  in  the  ap- 
pended tables,  others  in  the  basin  have  been  examined  and  the 
results  are  given  in  the  preceding  portion  of  this  report  as  fol- 
lows :  — 

Brockton,  Salisbury  Brook page    74 

Brockton,  Salisbury  Brook  Reservoir,       .         .         ,  pages  74-7G 

Brockton,  Center  Street  Drain page    78 

Brockton,  Factory  Pond, page    78 

I^kevillc,  Assawompsett  Pond, pag*  172 

Lakeville,  Elder's  Pond, page  173 

Wliilman,  Ilobart's  Pond, page  3U0 


Conical  Examination  of  WiUer  from  the  SaJisburi/  Plain  Sicer  below  Broetiou. 
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CKemtcoI  Examination  of  Water  from  the  Saliiburi/  Plain  River  just  above  iia 
Confiuenee  with  Beaver  Brook  at  East  Bridgewater. 
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Chemical  Examinalion  of  Water  from  Meadow  Brook  at  Boat  Bridgewater. 
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Microieopieal  Examination. 

Ja\j,wm.    1.  Blue-greinidKio,  1.1;  2.  OthenlBia.  O.T;  i.  Finigi,1.0;  *.  Aninul  foma,  04. 
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1889.]  WATER  SUPPLY  AND  SEWERAGE.  5( 

Chemical  Examinaium  of  Water  from  the  Baiuektt  Biver  at  Eait  Bridgewaler 
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Ten  Mile  Ri\-er.                                           1 

This  river,  althougli  small,  was  selected  for  examiDation  because  ^ 

tlip  p-owincT  towns  nt   Attiphnmiiffh  and  \ovlh  A1t,lp.l»oroiitr|i.  with  a  fl 

total  population  in  lS6b  of  13,175,  are  situated  upon  its  upperfl 
waters,  and  both  take  a  water  supply  from  wells  near   it.      ThoB 

river  is  situated  in  the  soutUeriy  part  of  Massachusetts,  just  eastH 
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of  the  Rhode  Island  boundary.  It  rises  in  Wrentham  and  £ows  in 
a  south-easteriy  direction  to  Attleborough,  where  it  turns  and  flows 
south-westerly  to  tide  water  opposite  the  city  of  Providence,  11. 1. 
It  dniins  about  51  square  miles  of  rolling  country  mostly  in  Massa- 
chusetts. 

The  river  above  Attleborough  has  considerable  fall,  which  is  util- 
ized for  water  power ;  the  principal  industry  being  the  manufacture 
of  jewelry. 

The  following  table  gives  statistics  of  population,  etc.,  at  throe 
points  in  the  valley  :  — 
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200 

382 
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Examinations  of  the  river  water  were  made  monthly  from  Juno, 
1887,  to  May,  1889,  opposite  the  well  of  the  Attleborough  Water 
AVorks  and  at  the  outlet  of  Whiting's  Mill  Pond,  near  the  well  of 
the  North  Attleborough  Water  Works.  A  single  examination  of 
the  river  was  made  at  Wrentham,  the  sample  being  collected  from 
WitherelPs  Mill  Pond  in  the  village  of  Plainville.  The  results  of 
these  examinations  are  given  in  the  following  tables.  They  show 
but  very  little,  if  any,  pollution  at  Plainville  and  North  Attle- 
borough. The  pollution  at  Attleborough  is  noticeable  and  suffi- 
cient to  render  water  taken  directly  from  the  river  unfit  for  drinking. 


Chemical  ExaminaUon  of  Water  from  WitherelVs  Pond^  Wrentham, 

[Parts  per  100,000.] 
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Odor,  very  falotly  vegetable.  —  The  sample  was  collected  from  Wltherell's  Pond  lo  the  village  of 
PlalDville. 
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Westfield  River, 

The  Westfield  River,  one  of  the  priacipa!  tiffluents  of  the  Con- 
necticut River  from  the  west,  rises  among  the  Berkshire  Hills  in 
tlie  north-eastern  part  of  Berkahire  County  and  tlowa  thence  in  a  • 
southerly  and  south-easterly  direetion  to  the  Connecticut  River, 
opposite  the  southerly  portion  of  the  city  of  Springfield,  draining 
an  area  of  515  square  miles,  all  of  which  Is  within  the  State  of 
Massachusetts. 

The  upper  portion  of  the  drainage  area,  down  to  within  five  miles 
of  the  town  of  Westlield,  or  sixteen  miles  of  the  mouth  of  the  river, 
is  mountainous,  und  throughout  this  area  the  larger  streams  flow 
through  nan'ow  valleys,  the  precipitous  slopes  of  the  mountains  in 
many  places  rising  directly  from  the  water.  The  mountains  are 
generally  covered  with  a  growth  of  wood,  though  in  runny  places 
they  are  bairen  and  rocky.  The  fall  of  the  main  river  and  its  tribu- 
taries in  this  region  is  very  rapid. 

In  the  lower  sixteeu  miles  of  its  course,  the  river  flows  through  a 
region  which  is  comparatively  flat  except  about  three  miles  east  of 
Westfield,  where  it  is  crossed  from  north  to  south  by  a  high  ridge. 
The  fall  of  the  stream  from  the  top  of  the  dam  at  Westfield  to  the 
mouth  of  the  river,  a  distance  of  eleven  miles,  is  ninety-four  feet. 

There  are  several  reservoirs  and  a  few  ponds  on  the  watershed, 
but  the  total  amount  of  water  stored  is  comparatively  small,  and, 
owing  to  this  and  the  mountainous  character  of  the  area  drained, 
the  flow  of  the  river  is  subject  to  great  fluctuations. 

Westfield  (population  in  1885,  8,961)  la  the  only  large  town  in 
the  hosin.     It  has  a  public  water  supply  and  has  recently  adopted 
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and  partly  built  a  system  of  sewerage  with  an  outfall  into  the  main 
river  below  the  town  and  just  above  the  mouth  of  Little  River. 

The  towns  on  the  river  above  Westfield  are  small ,  the  largest 
having  a  population  of  but  1,318  in  1885,  and  none  of  them  have  a 
public  water  supply  or  system  of  sewerage.  West  Springfield,  the 
largest  town  below  Westfield,  had  in  1885  a  population  of  4,448 ; 
but  most  of  it  drains  towards  the  Connecticut  River. 

The  following  table  gives  statistics  of  drainage  area,  population, 
etc.,  above  three  points  on  the  Westfield  River. 


LOCALTTT. 


Jiut  above  Little  River  at  Weetfleld,  . 
Jaat  below  Little  River  at  Weetfleld,  . 
At  moath, 


Dlitance 
above 

Month  of 
River. 

Miloi. 


10.2 

10.2 

0.0 


DrattiAfre 
Area. 


Sq.  Mllei. 


307.0 
452.4 
616.0 


Population 
(1886). 


15J0I 
10,338 
23,073 


Population 

per 
Aquare  Mile. 


43 
43 
46 


The  Westfield  River  basin  was  examined  by  the  State  Board  of 
Health  in  1879,  and  the  results  of  this  examination  were  published 
in  the  supplementary  report  of  the  board  for  that  year,  pp.  3-13. 

The  following  table,  showing  a  summary  of  the  mjinufacturing 
establishments  in  the  valley,  is  taken  from  page  12  of  the  report :  — 


MANUFACTURES. 


Paper  Milla,  , 
Tanneriee, 
Cloth  MilU, 
DreM  Gooda, 
Cotton  Mill, 
Totals, 


Number. 


Operatives 
employed. 


Analyses  of  the  water  of  the  Westfield  River  have  not  been  made 
regularly  because  it  was  polluted  so  little  during  the  time  covered 
by  these  investigations  that  it  seemed  unnecessary.  A  single  analy- 
sis was  made,  however,  in  connection  with  an  eKavvi\\\v!Ll\ow  ci^VW\^^ 
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supplies  of  the  State,  and  is  given  below.  The  discharge  of  the 
sewage  of  Westfield  into  the  i-iver  will  render  the  water  unfit  for 
drinking  at  points  below  :  — 


Chemieal  Examination  of  Water  from  the  Weatjield  River  at  Agawam. 

[PuU  per  lOCI^Mn.] 
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THE  INTEEPBETATION  OF  ANALYSES. 


By  THOMAS  M.  DROWN,  M.D., 

CHBUIST  OP  THE  BOABD. 


THE  CHEMICAL  EXAMINATION  OF  WATERS. 


The  chemical  examination  of  the  waters  of  the  State  have  been 
made  in  the  laboratories  of  the  Massachusetts  Institute  of  Tech- 
nology. In  this  work  I  have  had,  at  different  times  during  the  two 
years  covered  by  this  report,  as  assistants,  Messrs.  Henry  P.  Talbot, 
Arthur  A.  Noyes,  Frederick  Fox,  Jr.,  Herbert  A.  Richardson, 
Henry  Martin,  Augustus  H.  Gill,  Daniel  F.  Gay,  L.  Kimball  Rus- 
sell, Russell  H.  Colby,  George  L.  Heath,  Harry  S.  MuUiken  and 
Misses  Clara  P.  Ames,  Isabel  F.  Hyams,  Sarah  L.  Day  and  Adelaide 
bherman.  I  desire  to  express  my  obligations  to  all  of  them  for 
careful  and  thoughtful  work. 

Associated  with  me  in  the  direction  of  the  chemical  work,  during 
the  entire  time,  has  been  Mrs.  R.  H.  Richards.  The  long  labora- 
tory experience  which  Mrs.  Richards  had  had,  in  connection  with 
Professor  William  Ripley  Nichols's  admirable  work  for  the  State, 
had  given  her  such  an  intimate  knowledge  of  modern  methods  of 
water  analysis  that  she  was  pre-eminently  fitted  for  assuming  the 
immediate  charge  of  the  laboratory.  The  accuracy  of  the  work 
and  the  no  less  important  accuracy  of  the  records  are  mainly  due 
to  her  great  zeal  and  vigilance. 


In  order  that  the  results  of  the  chemical  examination  of  waters 
shall  have  any  value,  it  is  of  the  utmost  importance  that  scrupulous 
care  should  be  exercised  in  the  collection  of  the  samples.  The 
bottles  used  by  us  for  this  purpose  are  of  one  gallon  capacity,  made 
of  heavy  white  glass  in  wooden  moulds.  They  are  fifteen  inches  high 
to  the  top  of  the  stopper,  five  and  a  half  inches  in  diameter,  and 
weigh  a  little  over  three  pounds.  They  have  flat  mushroom  stop- 
pers without  necks.  Each  bottle  is  engraved  *•  State  Board  of 
Health,"  with  a  number,  which  is  duplicated  on  the  stopper.     These 
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bottles  are  carefully  cleaned  with  sulphuric  acid  and  potassium 
bi-chromate,  thoroughly  washed  with  distilled  water  and  then  drid. 
They  are  sent  out  from  the  laboratory  in  uncovered  wooden  lioxes 
lined  with  packing  paper.  The  stoppers  are  secured  by  a  piece 
of  brown  paper  tied  over  them.  The  exposure  of  the  top  of  the 
bottle  ensures  the  upright  position  of  the  bottle  when  transported 
by  express;  breakage  from  this  exposure  is  very  rare.  la  winter 
a  box  with  felt  packing  is  used.  To  each  bottle  is  tied  an  en- 
velope tag.  on  which  is  written  the  address  of  the  person  who  is 
to  collect  the  sample  of  water  and  the  date  when  it  is  to  bo  taken. 
In  this  envelope  are  printed  directions  for  taking  the  sample,  a 
square  of  clean  cotton  cloth  to  tie  over  the  stopper,  and  pieces  of 
twine  and  sealing  wax.  There  is  also  a  blank  certificate  to  bo  filled 
out,  giving  particulars  of  the  water  collected,  and  an  envelope  tag, 
addressed  to  the  laboratory  in  Boston,  into  which  the  certificate  is 
placed.  When  the  sample  is  taken  this  tag  is  tied  to  the  bottle, 
which  is  replaced  in  its  box,  and  the  water  is  then  ready  to  ship  by 
express. 

Following  are  copies  of  the  directions  for  collecting  the  samples 
and  of  the  certiOcate :  — 

STATE  BOARD  OF  HEALTH  OF  MASSACHUSETTS. 
Inbtructiosb  fob  Oolleoting  Samples  of  Water  fob  Asalysis. 

Ist.  From  a  Watkb  Tap.  The  water  should  ran  freely  from  the  tap  for  a. 
few  roiautes  before  it  is  collected.  The  bottle  ia  then  to  be  plaoed  directly  under 
the  tap,  and  rinsed  out  with  water  three  times,  pouring  out  the  water  completely 
each  time.  It  ia  Qien  again  to  be  placed  under  the  tap,  filled  to  ovorflowiag, 
and  a  small  quantity  poured  out,  so  that  there  shall  be  left  an  air-space  under 
the  stopper  of  about  an  inch.  The  stopper  must  be  rinaed  off  with  flowing 
water,  and  inserted  into  tiie  bottle  while  still  wet,  and  secured  by  tjing  over  it  a 
clean  piece  of  cotton  cloth.  The  ends  of  string  must  be  sealed  on  the  top  of  the 
stopper.  Under  no  circumstances  must  the  inside  of  tlie  neck  of  the  bottle  or 
the  stem  of  the  stopper  bo  touched  by  the  hand  or  wiped  with  a  cloth. 

Sd.  Fkom  a  Stream,  Pond  or  Reservoir.  The  bottle  and  stopper  should 
be  rinsed  with  tlie  water,  if  this  can  be  done  without  stirring  up  the  sediment  on 
the  bottom.  The  bottle,  with  the  stopper  in  place,  should  then  be  entirely  anb- 
tnerged  in  tlie  water  and  the  stopper  taken  out  at  a  distance  of  twelve  inches  or 
more  below  the  surface.  \Vlien  the  bottle  is  full,  the  stopper  is  replaced  below 
the  surface,  if  possible,  and  fiually  secured  as  above.  It  will  be  found  convenient 
in  taking  samples  in  this  way  to  have  the  bottle  weighted,  so  that  it  will  sink 
below  the  surface.  It  is  important  that  the  sample  should  be  obtained  free  from 
the  sediment  on  the  bottom  of  a  stream  and  from  the  scum  on  the  surface.  If  a 
stream  should  not  be  deep  enough  to  admit  of  this  method  of  taking  a  sample. 
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the  water  must  be  dipped  up  with  an  absolutely  clean  vessel  and  poured  into  the 
bottle  after  it  has  been  rinsed. 

The  sample  of  water  should  be  collected  immediately  before  shipping;  by 
express,  so  that  as  little  time  as  possible  shall  intervene  between  the  collection  of 
the  sample  and  its  examination. 

The  accompanying  **  certificate  "  must  be  filled  out  carefully  and  enclosed  in  the 
envelope  shipping  tag. 


CERTIFICATE 


Accompanying  a  Sample  of  Water,  to  be  enclosed  in  the  envelope  tag  addressed 

to  the  State  Board  of  Health,  Boston. 

Sample  of  Wateb. 

From 

Name  QIC  city  or  town. 

Collected  and  seaUd  by 

Name  ana  addreaa  of  collector. 


Collected  from. 


state  whether  the  water  Is  ftom  a  up  or  from  itream,  pond,  reaenroir  or  other  source. 


Collected  on. 


Give  day,  date  and  hour  of  daj. 


Shipped  by  Express. 


Qlve  date  and  hour  of  daj. 

REMARKS.  —  In  case  there  are  any  abnormal  or  unusual  conditions  existing 
in  the  source  of  the  water,  mention  the  facts :  as,  for  instance,  if  the  streams  or 
ponds  are  swollen  by  recent  heavy  rains ;  or  are  unusually  low  in  consequence 
of  prolonged  drought ;  or  if  there  is  a  great  deal  of  vegetable  growth  in  or  on 
the  surface  of  the  water.    Write  on  the  other  side  of  this  certificate. 

The  collection  of  samples  throughout  the  State  is  so  arranged  that 
a  certain  number  of  samples  shall  arrive  at  the  laboratory  each  day, 
and  also  that  the  time  shall  not  exceed  twenty-four  hours  between 
the  collection  of  the  water  and  its  receipt  at  the  laboratory. 
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The  regular  examinatioD  of  the  waters  has  consisted  iu  the  deter- 
mination of  the  turbidity,  sediment,  color,  odor  (cold  and  hot), 
residue  on  evaporation,  toss  on  ignition,  change  on  ignition,  fi-ee 
ammoniu,  albuminoid  ammonia,  nitrogen  as  nitrates  and  nitrites, 
and  chlorine.  Occasionally  determiaations  have  been  made  of  the 
total  organic  nitrogen,  dissolved  oxygen,  oxygen  absorbed  from 
permanganate,  hardness  and  the  alkalinity. 

In  the  tabulated  results  of  the  analyses  given  in  the  foregoing 
pages  will  be  found  the  turbidity  and  sediment,  color,  iho  residue 
on  evaporation  and  the  loss  on  ignition  (except  in  the  case  of  ground 
waters),  the  chlorine,  und  the  nitrogen  in  four  forms,  namely,  free 
ammonia,  albuminoid  ammonia,  nitrates  and  nitrites.  The  hardness 
and  the  general  character  of  the  odors  of  the  waters  are  given  in  a 
foot-note. 

METHODS  OF  ANALYSIS." 

When  a  bottle  of  water  is  received  at  the  laboratory,  the  certificate 
is  taken  out  of  the  envelope  tag  and  a  serial  number  is  put  both  on 
the  tag  (which  remains  attached  to  the  bottle)  and  on  the  certi- 
ficate. A  copy  of  the  certificate  is  entered  in  a  book  of  record 
with  the  time  (date  and  hour)  when  the  water  was  received.  The 
analysis  of  the  water  is  made  under  this  serial  number.  Separate 
blank  forms,  bound  in  books,  are  provided  for  the  various  deter- 
minations: thus,  there  is  a  book  for  "general  characters,"  which 
include  turbidity,  sediment,  color  and  odor;  another  for  free  and 
albuminoid  ammonia  ;  another  for  chlorine,  and  so  on.  These  results 
are  collected  and  entered  in  other  books  in  tabulated  form,  first 
under  the  serial  number  and  again  under  the  localities  from  which 
the  waters  came.  An  index  volume  facilitates  reference  to  all  the 
records. 

The  determination  of  the  nitrogen  is  begun  without  delay.  As 
Boon  as  the  sample  has  received  its  number,  the  seal  is  broken  and 
the  cloth  removed.  The  top  of  the  bottle  is  now  placed  under  a 
tap  of  running  water,  and  the  stopper  and  neck  well  washed  from 
any  adhering  dirt  or  dust.  The  contents  of  the  bottle  are  then 
thoroughly  mixed    by  shaking,    and   500    c.c.    poured   out   into   a 

•  In  tlio  laboratory  of  the  Sewage  Experiment  Siaiion  at  Lawrence  llie  chemical  meUiodi  in 
use  are  in  eume  c»seti  modlfleil  io  odapi  ihem  lo  the  special  cbaracler  of  work  at  the  Station. 
Some  nf  these  melliodB  ore  TCr;  tully  described  in  the  BOCond  volume  of  (his  report  |whlcb 
contains  an  account  of  ibe  experiments  on  ibe  lilcrailon  at  leirige),  uid  nIbieuEe  U  bcqnentlf 
nude  lo  them  Jn  lbl»  cannectlon  to  avoid  repetition. 
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graduated  flask  (after  rinsing  with  the  same  water)  for  the  deter- 
mination of  the  free  and  the  albuminoid  ammonia.  In  the  case  of 
surface  waters,  and  all  waters  which  are  not  perfectly  clear,  a 
portion,  about  900  c.c,  is  next  filtered  through  a  large  plaited 
filter  of  Swedish  paper  which  has  been  previously  thoroughly  washed 
with  water  free  from  ammonia.  Of  this  filtered  water  500  c.c.  are 
used  for  albuminoid  ammonia,  and  smaller  portions  for  the  deter- 
mination of  the  dissolved  solids  and  color.  Portions  of  the  original 
sample  are  also  taken  out  promptly  for  the  determination  of  the 
nitrites  and  nitrates.  The  bottle  with  the  residue  of  the  original 
sample  is  now  put  on  a  table  which  is  covered  with  a  white  cloth 
or  paper,  before  a  window.  Here  it  stands  over  night  and  the 
next  morning  it  is  inspected  for  the  turbidity  and  sediment.  After 
this  inspection  a  portion  is  taken  for  the  determination  of  the 
chlorine,  hardness,  etc. 

It  is  important  that  the  odor  and  the  amount  and  condition  of  the 
nitrogen  should  be  determined  as  soon  as  possible  after  the  sample  is 
received,  since  the  nitrogen  compounds  are  in  some  waters  liable  to 
change,  and  it  is  largely  upon  the  condition  in  which  the  nitrogen 
exists  in  the  water  that  our  opinion  of  the  sanitary  quality  is  based. 
If  a  sample  of  water  is  received  at  the  laboratory  too  late  in  the  day 
for  examination,  it  is  put  in  an  ice-chest  over  night  to  hinder  or 
retard  change.  In  the  determination  of  the  mineral  contents  of  the 
water  the  delay  of  a  day  or  two  is  not  of  much  consequence. 

Determination  of  the  Free  and  Albuminoid  Ammonia. 

The  apparatus  for  the  determination  of  the  ammonia  consists  of 
a  round-bottomed  flask  of  a  capacity  of  900  c.c,  with  a  neck  five 
inches  long,  and  an  ordinary  glass  condenser.  The  interior  glass 
tube  is  three-eighths  of  an  inch  internal  diameter,  and  is  in  contact 
with  the  condensing  water  for  one  foot  ten  inches.  The  flask  is 
closed  by  a  cork  carrying  a  glass  tube,  bent  nearly  at  right  angles, 
which  slips  for  about  four  inches  within  the  condensing  tube.  A 
tight  joint  is  easily  and  quickly  made  by  means  of  a  large  cork,  about 
one  and  one-fourth  inches  in  diameter,  permanently  and  tightly  fitted 
on  the  bent  tube,  with  a  depression  cut  into  one  end,  into  which  the 
end  of  the  condensing  tube  fits.  This  large  cork  serves  the  double 
purpose  of  making  a  tight  joint  with  the  condenser  and  also  as  a 
convenient  means  of  handling  the  small  glass  tube.     When  the  cork 
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of  the  distilling  flask  is  to  be  removed  the  tube  is  not  disconnected 
from  the  condenser,  but  it  13  simply  turned  (together  with  the  cork 
of  the  flasli)  to  one  side. 

New  flasks  are  treated  with  boiling  dilule  sulphuric  acid  and 
potassium  bi-chroinate  before  they  are  put  to  regular  use.  New 
corks  give  ofl'  ammonia  in  contact  with  the  steam  from  the  boiling 
water,  and  must  be  treated,  in  position,  under  these  conditions  for 
two  or  three  hours  before  they  are  ammonia-free.  A  good  sound 
cork  will  last  for  two  or  three  months  with  continuous  daily  use. 
The  flasks  are  placed  on  wire  rings  and  heated  with  the  free  flame 
of  a  Bunsei)  burner. 

Five  hundred  cubic  centimeters  of  water  are  poured  into  the  flask 
when  the  appamtus  has  been  proved  to  be  amuionia-free,  and  boiled 
until  three  portions  of  50  c.c.  each  have  been  distilled  over.  No  soda 
is  added  to  surfiice  waters  in  the  determination  of  the  free  ammonia 
except  in  special  cases  when,  like  water  from  the  Blackstone  Kiver 
for  instance,  the  sample  is  likely  to  be  acid.  Almost  all  the  natural 
waters  have  a  slightly  alkaline  reaction,  and  experiment  has  ehowa 
the  use  of  soda  to  be  unnecessary. 

Alkaline  permaQgauate  free  from  ammonia  is  added  to  the  coa- 
tents  of  the  flask  after  the  collection  of  150  c.c.  of  distillate.  Usu- 
ally 40  c.c.  are  added.  Very  brown  waters  may  require  as  much 
as  50  c.c.  It  is  added  cautiously  to  the  flask  (waiting  a  minute 
or  two  until  the  contents  have  cooled  slightly)  by  means  of  a  funnel, 
so  that  none  comes  in  contact  with  the  neck  of  the  flask.  The  boil- 
ing is  now  continued  at  such  a  rate  that  it  shall  require  about  eight 
minutes  to  collect  50  c.c. 

In  the  case  of  brown  surface  waters  the  amount  of  albuminoid 
ammonia  vanes  considerably  according  to  the  manner  of  conducting 
the  operation.  Thus  a  long  protracted  boiling  will  give  a  higher 
result  in  the  same  amount  of  distillate  than  a  shorter  treatment. 
To  obtain  all  the  albuminoid  ammonia  that  such  waters  are  capable 
of  giving  would  involve  an  almost  interminable  operation.  It  is  of 
more  importance  to  have  constant  conditions  so  that  the  results 
obtained  on  difl'erent  watei-s  shall  be  comparable.  Five  portions  of 
50  c.c.  each  are  collected  for  the  albuminoid  ammonia.  In  waters 
of  low  organic  contents  four  portions  will  suffice. 

The  Nessler  tubes  are  12  inches  long  and  |  inch  internal  diameter, 
the  50  c.c.  mark  being  about  two  inches  below  the  top.  The  distil- 
lates are  not  nesslerized  until  the  operator  is  ready  to  determine  the 
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ammonia.  The  usual  practice  is  to  nesslerize  200  or  more  distil- 
lates and  the  standards  at  the  same  time. 

Standards  for  reading  the  colors  for  nesslerization  are  made,  con- 
taining the  following  amounts  of  the  standard  ammonium  chloride 
solution,  namely,  0.1,  0.2,  0.3,  0.4,  0.5,  0.7,  0.9,  1.0,  1.3,  1.5, 
1.8,  2.0,  2.3,  2.5,  2.8,  3.0,  3.5  and  4.0  c.c.  All  the  members  of 
this  series  are  made  at  one  time ;  should  any  error  be  made  in  any 
one  of  the  standards  it  would  be  easily  detected  in  the  irregularity 
of  the  depth  of  color. 

As  far  as  possible  the  results  of  each  day's  work  are  read  at  one 
time  with  one  set  of  standards,  which  should  not,  however,  be  used 
after  three  hours  from  the  time  they  are  prepared.  They  some- 
times fade  before  this  time,  a  fact  which  will  be  recognized  by  an 
experienced  eye.  The  permanency  of  color  produced  by  nessleriza- 
tion depends  somewhat  upon  the  sensitiveness  of  the  reagent ;  the 
more  quickly  the  color  is  produced,  the  less  its  permanence.  This 
fact  must  be  borne  in  mind  in  making  the  Nessler  solution,  and 
each  time  a  quantity  is  prepared  it  must  be  compared  with  that 
in  use  to  see  that  it  agrees  in  depth  of  color  produced  and  in 
sensitiveness.  For  the  measurement  of  quantities  above  4  c.c.  of 
the  standard  ammonium  chloride  solution  it  is  often  convenient  to 
use  a  pair  of  Hehner's  colorimeters,  matching  the  colors  by  running 
off  a  known  portion  of  the  solution  having  the  deeper  color.  In 
using  this  method  it  is  important  to  use  a  standard  not  differing 
much  from  the  distillate  to  be  tested,  since  the  depth  of  color  pro- 
duced by  nesslerization  is  not  directly  proportional  to  the  amount  of 
ammonia.  For  instance,  the  depth  of  color  produced  by  nessleriz- 
ing  10  c.c.  of  ammonia  solution  is  more  than  twice  that  of  5  c.c.  in 
the  same  bulk  (say  100  c.c.)  of  water,  and  a  reduction  of  the 
height  of  the  column  of  liquid  to  one-half  of  the  stronger  solution 
will  not  reduce  the  depth  of  color  to  that  produced  by  5  c.c.  of  the 
ammonia  solution. 

The  importance  of  having  uniformity  of  temperature  of  the  solu- 
tions to  be  tested  and  the  standards,  is  essential.  In  winter  time, 
when  the  temperature  of  the  distillates  is  much  below  the  tempera- 
ture of  the  room,  a  considerable  time  must  elapse  before  equality 
of  temperature  is  reached.  On  this  account,  and  owing  to  the 
shortness  of  the  winter  days,  it  is  well  to  let  the  distillates  remain 
in  the  tubes  over  night,  protected  from  dust,  before  nesslerization. 
If  an  immediate  reading  is  required,  it  is  necessary  to  bring  distil- 
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lateB  and  standards  to  the  same  temperature  or  eUe  make  a  correc-  ] 
tion  for  the  deeper  color  produced  in  tlio  warmer  solution.  • 

Dbtebmination  of  the  Organic  NrraoGEN, 
There  can  be  no  doubt  that  the  determination  of  the  total 
nitrogen  would  be  generally  practised  in  place  of  the  determination 
of  the  albuminoid  ammonia,  if  there  was  available  a  short,  easily- 
executed,  and  accurate  method  for  this  purpose.  As  the  result  of  ft 
very  large  number  of  experiments  with  the  Kjeldahl  nitrogen  pro- 
cess, we  think  it  may  be  safely  said,  that  this  method  leaves  little, 
if  anything,  to  bo  desired  in  these  respects.  The  method  employed 
is  as  follows  :  — 

Five  hundred  c.c.  of  the  water  are  poured  into  a  round-bottomed 
flask,  of  about  000  c.c.  capacity,  and  boiled  until  200  c.c.  have 
been  distilled  off.  The  free  ammonia  which  is  thus  expelled  may,  if 
desired,  be  determined  by  connecting  the  flask  with  a  condenser. 
To  the  remaining  water  in  the  flask  is  added,  after  cooling,  10  c.c.  ' 
of  pure  concentrated  sulphuric  acid.f  After  shaking,  the  flask  is  | 
placed  in  an  Inclined  position  on  wire  gauze,  on  a  ring-stand  or 
other  convenient  support,  and  boiled  cautiously,  in  a  good  drawing 
hood,  until  all  the  water  is  driven  off  and  the  concentrated  sulphuHo 
acid  is  white  or  a  very  pale  yellow.  After  cooling,  200  c.c.  of 
water  free  from  ammonia  are  added,  the  neck  of  the  flask  being 
washed  free  from  acid,  and  then  100  c.c,  of  sodium  hydrntej 
solution.  The  flask  is  immediately  connected  with  the  condenser 
and  then  shaken  to  mix  the  contents. 

The  distillation  at  the  start  is  conducted  rather  slowly.  After 
the  first  50  c,c.  are  condensed,  the  contents  of  the  flask  may  be 
boiled  more  rapidly  until  150  c.c.  to  175  c.c.  have  altogether  been 
collected.  The  total  distillate  is  made  up  to  2.50  c.c.  with  water 
free  from  ammonia,  well  mixed,  and  50  c.c.  taken  for  nessterization. 

*  Compare  "  Metbodi  ot  AnftlyaU"  at  the  Lannace  Experiment  Staliou  in  the  (erand 
volume  of  tLls  report;  also  jiaiier  on  "The  Effijpl  of  Teraperatare  on  the  Dolcnniaation  ot 
Ammunta  by  Nesslerixatlon,"  br  Allen  Haum  and  Hnrr^  W.  Clark,  In  Am,  Cliem,  Jour.,  roU 
12,  No.  6. 

t  It  l9  necessary  to  liave  for  Ihls  purpose  snipburic  add  wbleb  I9  very  nearly,  if  not  quiu, 
free  ttom  nitrogen  In  any  torra-  Baker  &  Adiiiason,  of  Easlon,  Penn.,  make  an  atld  for  ibii 
purpose  wblcb  contains  only  .005  milligram  of  amtDonla  bi  10  c.c. 

X  Tbe  sodium  bydraie  solution  la  made  liy  dlsaolvbig  200  gruns  ot  caustic  eodo,  fnse  from 
cblorine,  In  1.S3  Hires  at  distilled  water,  adding;  tn-o  grama  of  potasalnm  pemnuiganale  and 
lulling  down  (o  aomowbat  less  Iban  a  Hire.  When  cold,  the  loluilon  Is  made  np  ta  a  litre. 
Tbe  addition  of  the  permanganate  li  to  oxidlie  any  organic  matter  whicb  may  b 
cans  lie  suda. 
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Since  the  greater  part  of  the  ammonia  comes  over  in  the  first  portion 
of  the  distillate,  it  is  well  to  have  a  little  dilute  hydrochloric  acid  in 
the  condensing  flask.* 

In  carrying  out  the  operation,  the  most  scrupulous  care  must  be 
observed  in  preventing  access  of  ammonia  from  any  source.  The 
acid  solutions  will  absorb  ammonia  from  the  air  of  the  laboratory  or 
from  the  dust  of  the  room  if  they  are  allowed  to  remain  uncovered 
for  any  length  of  time.  This  source  of  error  has  been  found  at 
times  to  be  very  large;  quite  enough  to  render  a  determination 
valueless.  One  experiment  gave  a  gain  of  ammonia  in  twenty 
hours,  by  leaving  the  flask  which  contained  the  concentrated  sul- 
phuric acid  uncovered,  equivalent  to  0.5  c.c.  of  the  standard  am- 
*  monium  chloride  solution,  and  at  another  time  the  gain  was  3  c.c. 
This  was  in  a  room  from  which  ammonium  hydrate  is  carefully 
excluded. 

The  operation  should,  therefore,  be  carried  out  without  interrup- 
tion, in  a  place  free  from  dust,  and  for  every  determination,  or  set 
of  determinations,  a  blank  analysis  with  ammonia-free  water  should 
be  made  for  a  correction  for  the  ammonia  in  the  reagents  and  that 
accidentally  introduced  in  the  process. 

W6  have  not  found  that  the  presence  of  nitrates  and  nitrites  in 
waters  interferes  with  the  accurate  determination  of  the  organic 
nitrogen.  The  error  which  has  been  found  by  Kjeldahl  and  War- 
rington to  be  caused  by  nitrates  in  the  determination  of  organic 
nitrogen  seems  to  disappear  under  the  conditions  of  great  dilution 
which  we  have  in  natural  waters. 

As  the  result  of  many  hundred  comparative  determinations  of 
organic  nitrogen  and  albuminoid  ammonia  in  natural  waters,  we 
have  found  that  the  total  nitrogen  is  about  twice  the  nitrogen  of 
the  albuminoid  ammonia,  as  we  determine  it.f 

Determination  or  the  Nitrogen  as  Nitrites. 

Warrington's  modification  of  the  Griess  method  is  used  for  the  de- 
termination of  the  nitrites.  (  The  process  consists  in  adding  to  the 
water  to  be  tested  two  or  three  drops  of  hydrochloric  acid  (strong 

*  This  add  should  be  free  fh>in  ammoni* :  one  cc  of  tbe  Add  is  eqaiyalent  to  0.5  milligram 
of  ammonia. 

t  Sec  pa[ier  on  '*  The  Determination  of  Organic  Nitrogen  in  Natural  Waters  by  tbe  Kjeldabl 
Method/'  by  Thomas  M.  Drown  and  Henry  Martin.  Tedinology  Quarterly,  February,  1889 ; 
Chemical  News,  vol.  59,  p.  272. 

X  Beridite  d.  dent.  chem.  gesellsdi  XI.  624;  Joar.  Cbem.  Soc.,  1881,  p.  231. 
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acid  with  an  equal  bulk  of  water),  then  2  c.c.  of  a  saturated  eolutioa 
of  sulphanilic  acid  and  finally  2  c.c.  of  a  saturated  aolutiou  of 
naphthy  lamina  hydro  chlorate  (8  c.c.  naphthylamine,  8  c.c.  strong 
hydrochloric  acid  aud  992  c.c.  of  water).  The  pink  color  produced 
when  nitrites  are  present  is  compared  with  the  depth  of  color  ob. 
tatned  from  known  amounts  of  a  standard  eodtam  nitrite  solution 
under  the  same  conditions.  The  comparison  of  colors  is  conven- 
iently made  in  100  c.c.  tubes.  A  depth  of  color  above  that  produced 
by  a  water  contaiaiog  0.0020  parts  of  nitrogen  as  nitrite  is  too  great 
to  be  read  accurately.  Waters  containing  more  than  this  amount 
should  be  diluted  with  a  known  amount  of  distilled  water  free  from 
nitrites,  or  compared  by  means  of  colorimeters,  using  the  same  pre- 
caution as  iti  the  case  of  the  determination  of  ammonia  by  tbia 
means. 

Surface  waters  having  a  color  above  0.1  must  be  decolorized  by 
shaking  with  aluminum  hydrate  and  rapidly  filtei'ed  or  decanted  into 
the  tubes  before  testing  for  nitrites.  Since  the  air  of  rooms  in  which 
gas  is  burned  always  contains  nitrites,  it  is  important  that  there 
should  not  be  any  unnecessary  exposure  of  the  waters  that  will  give 
Opportunity  for  the  absorption  of  nitrous  acid. 

The  comparison  of  the  colors  with  the  standards  is  made  in  twenty 
minutes  to  an  hour  after  the  reagents  are  added. 

Determination  op  the  Nitrogen  as  Nitrates. 
The  Phenolsulphonic  process  of  Grandval  and  Lajoax  ■  has  been 
used  for  alt  the  determinations  of  nitrates  in  natural  waters.  This 
process  has  boon  carefully  studied  in  the  laboratory  of  the  Lawrence 
Experiment  Station,  as  well  as  in  the  laboratory  of  the  Board  at  the 
Institute  of  Technology,  and  the  reader  is  referred  to  the  second 
volume  of  this  report  for  a  full  description  of  the  aaturo  of  the  pro- 
cess and  the  conditions  of  its  successful  use. 

Determination  of  the  Chlorine. 
The  method  for  the  determination  is  that  in  general  use  ;  namely, 
titration  with  a  solution  of  silver  nitrate,  using  potassium  chromate 
as  an  indicator.  Moat  of  the  natural  waters  of  the  State  contain  so 
little  chlorine  that  a  direct  titration  gives  uncertain  results.  All 
waters  (except  those  known  to  he  high  in  chlorine)  are  concentrated 
ia  porcelain  dishes  on  a  steam  bath,  care  being  taken  not  to  let  the 


■  Comptea  Renilua.    Jul; 
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contents  go  to  dryness.  Usually  250  c.c.  are  evaporated  to  25  c.c. 
and  the  titration  made  in  the  same  dish.  To  guard  against  loss  of 
chlorine  in  the  evaporation,  a  small  quantity,  say  20  milligrams,  of 
sodium  carbonate  may  be  added  to  the  water ;  this  amount  does  not 
interfere  with  the  accuracy  of  the  titration.  Before  the  titration  is 
made,  the  sides  of  the  dish  above  the  liquid  must  be  washed  down 
with  distilled  water  free  from  chlorine,  and  rubbed  with  a  feather  or 
rubber;  washing  alone  will  not  dissolve  all  the  chlorides  which 
adhere  to  the  sides  of  the  dish.  When  the  amount  of  chlorine  is 
very  low,  a  known  amount  of  salt  added  to  the  liquid  facilitates  the 
titration  by  making  more  definite  the  determination  of  the  end 
point. 

Brown  surface  waters  must  be  decolorized  before  titration.  This 
is  conveniently  done  by  adding  a  small  amount  of  aluminum  hydrate 
to  the  water,  or  by  adding  a  solution  of  alum  and  then  sodium 
carbonate,  filtering  off  the  precipitate,  or  decanting  the  clear  fluid 
after  the  alumina  has  settled.  If  the  water  is  brought  nearly  to 
boiling  with  the  alumina,  the  latter  will  settle  more  promptly. 

The  volume  of  liquid  in  which  the  chlorine  is  determined  has  an 
effect  on  the  amount  of  silver  solution  used  in  the  titration  —  the 
larger  the  volume,  the  greater  the  amount  of  silver  used  for  the 
same  amount  of  chlorine  present.  This  has  been  studied  by  Mr. 
Allen  Hazen  of  the  Lawrence  Experiment  Station,  and  the  reader  is 
referred  for  a  statement  of  his  results  to  the  second  volume  of  this 
report.* 

The  Determination  of  the  Residue  op  Evaporation  and 

Loss  ON  Ignition. 

The  evaporation  to  dryness  on  a  water  bath  of  a  known  volume  of 
water  in  a  weighed  platinum  dish,  and  subsequently  heating  the  dish 
to  a  temperature  of  100°  C.  in  an  air  bath,  gives  the  total  weight 
of  the  organic  and  inorganic  matter  contained  in  the  water.  On 
igniting  this  residue  the  organic  matter  is  burned  off  and  the  residue 
consists  of  the  **  fixed  solids.** 

This  **  loss  on  ignition'*  was,  before  the  introduction  of  modem 
methods  of  water  analysis,  the  only  method  of  determining  the 
organic  matter  in  water.  Since  it  has  been  shown  that  this  loss  on 
ignition,  as  ordinarily  obtained,  is  valueless  as  a  determination  of 

*  See  also  paper  on  "  The  Determination  of  Chlorine  in  Water,**  by  Allen  Hazen,  Am.  Cbem. 
Jonr.,  VoL  XI^  p.  409. 
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the  organic  matter  it  has  fallen  largely  into  disuse  in  water  analysis, 
It  is,  however,  possible  by  carefully  regulating  the  heat  in  the  ignitioi^ 
to  destroy  the  organic  matter  without  decomposing  calcium  carbo- 
nate or  volatilizing  the  alkaline  chlorides.  This  is  accomplished 
by  heating  the  dish  containing  the  residue  of  evaporation  by 
radiation  from  another  and  larger  platinum  dish,  within  which  it 
is  placed." 

In  the  case  of  surface  waters,  with  low  mineral  contents  and^ 
considerable  organic  matter,  this  method  has  been  used  with  satifH 
factory  results.  In  the  case  of  ground  watera,  with  little  or 
organic  matter  and  high  mineral  contents,  the  loss  on  ignition  even 
with  this  carefully  regulated  temperature,  bears  no  relation  whatevet 
to  organic  matter.  The  loss  under  these  conditions  is  often  very 
great,  resulting  from  the  decomposition  of  nitrates  and  chlorides  otj 
the  alkaline  earths  and  the  loss  of  water  of  crystallization.  The. 
determination  of  the  loss  on  ignition  under  these  conditions  is 
meaningless,  and  it  has  not  been  included  in  the  foregoing  tabula^ 
tion  of  results. 

By  the  addition  of  sodium  carbonate  to  the  solution  before  evapo- 
ratioD  to  dryness,  the  alkaline  eaitbs  are  precipitated  as  carboaatM, 
and  the  chlorine  and  nitric  acid  are  supplied  with  an  alkaline  base;, 
thsre  is  also,  under  these  conditions,  no  water  of  crystallization 
present  in  the  residue.  The  loss  on  ignition  under  these  conditions 
will  give  an  approximate  determination  of  the  organic  matter  whea 
present  in  appreciable  quantity.  This  procedure  is  in  regular  uafti 
at  the  Lawrence  Experiment  Station  for  the  determination  of  the 
fixed  solids  and  loss  on  ignition  in  the  sewage  and  effluents  from 
the  filtration  of  sewage,  and  the  reader  is  referred  to  the  second 
volume  of  the  report  for  the  results  of  extended  investigations  into 
the  behavior  of  various  salts  of  the  alkalies  and  alkaline  earths  undeE 
these  conditions. 

Since  this  method  gives  the  actual  amount  of  mineral  matter' 
present  in  the  water  in  the  anhydrous  condition,  it  might  ba 
thought  desirable  to  employ  it  in  all  cases,  both  in  surface  and  in 
ground  waters,  without  regard  to  the  loss  on  ignition.  It  hoa 
seemed  best,  However,  in  the  analyses  of  the  natural  waters  of  thq 
State,  to  adhere  to  the  universal  practice  of  water  analysts  in  obtain-, 
ing  the  "total  solids;"  namely,  to  evaporate  the  water  to  dryness 
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without  the  addition  of  sodium  carbonate,  so  that  the  results  shall 
be  comparable  with  those  obtained  by  other  chemists. 

Determination  of  the  Hardness. 

The  hardness  of  the  waters  has  been  determined,  during  the  time 
covered  by  this  report,*T[)y  the  soap  method  of  Dr.  Clark,  as  given 
in  Sutton's  Volumetric  Analysis,  5th  edition,  page  363.  The  results 
are  expressed  in  terms  of  an  equivalent  amount  of  carbonate  of  lime 
in  parts  per  100,000. 

Determination  or  the  Odor. 

The  odor  of  the  waters  is  obtained  by  shaking  violently  the  water 
in  one  of  the  large  collecting  bottles  when  it  is  about  one-half  full, 
then  removing  the  stopper  and  quickly  putting  the  nose  to  the 
mouth  of  the  bottle.  An  odor  can  often  be  detected  in  this  way 
which  would  be  entirely  inappreciable  if  the  water  were  poured  into 
a  tumbler.  The  odor  which  is  given  off  when  a  water  is  heated  is 
sometimes  the  same  as  the  odor  of  the  water  when  cold,  sometimes 
it  is*  different.  Our  practice  in  getting  the  hot  odor  is  to  heat  on 
an  iron  plate  about  200  c.c.  of  the  water  in  a  beaker  of  500  c.c. 
capacity  covered  with  a  watch  glass.  The  water  is  quickly  heated 
until  the  air  bubbles  have  all  been  driven  off  and  the  water  about  to 
boil.  The  beaker  is  then  taken  off  the  plate,  and,  after  cooling  for 
about  five  minutes,  it  is  shaken  by  a  rotary  movement,  the  watch 
glass  removed  and  the  nose  put  inside  the  beaker.  It  is  only  for  an 
instant,  as  a  rule,  that  an  odor  can  be  perceived. 

Determination  or  the  Color. 

Most  of  the  surface  waters  of  the  State  have  a  yellowish-brown 
color  more  or  less  pronounced.  The  tint  corresponds,  particularly 
in  the  lower  grades,  very  closely  to  that  of  nesslerized  ammonia,  so 
that  the  standards  for  reading  the  ammonia  can  be  used  also  for  the 
determination  of  the  color.  The  comparison  is  made  in  the  same 
kind  of  50  c.c.  tubes  that  are  used  for  the  ammonia  determinations, 
but  the  tubes  used  for  this  purpose  are  kept  separate  from  those 
used  for  the  ammonia,  since  the  least  amount  of  alkali  remaining  in 
a  tube  (if  imperfectly  washed),  alters  the  color  of  the  water.  The 
scale  used  corresponds  with  the  amount  in  the  standards.  Thus  a 
color  of  1.0  is  that  corresponding  to  the  nesslerization  of  1  c,c«  of 
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the  stniidiird  ammonium  chloride  solution ;  0.1  ia  the  color  produced 
with  0.1  c.c.  of  this  eolutioD.  In  the  higher  grades  of  color,  over 
1,  the  tiot  varies  considerably  froni  the  neaslerized  ammonia,  and  the 
degree  of  color  is  then  bettor  determined  in  wider  tubes  and  in  leas 
depth.  This  method  of  estimating  the  color,  which  was  originally 
suggested  by  Prof.  A,  R.  Leeds,  has  its  gieat  advantage  over 
arbitrary  standards,  in  the  fact  that  ammonia  standards  are  always 
available  in  laboratories  for  water  analysis,  and  also  that  the  deter- 
minations have  a  defiaite  value  based  on  the  amount  of  ammonia 
used.*  Standards  made  from  vnry  dark  water  from  cedar  swamps 
by  various  degrees  of  dilution,  and  verified  by  direct  comparison 
with  nesslerizcd  ammonia,  have  also  been  successfully  used  by  Mrs. 
Richards.  The  color  keeps  well.  If  the  water  used  in  the  stand- 
ards contains  organic  matter  in  suspension,  it  may  be  freed  from  it 
completely  by  filtering  through  porous  sandstone. 

Determination  of  the  Turbidity  and  Sedimest. 

The  suspended  matter  remaining  in  the  water  after  it  has  rested 
quietly  in  the  collecting  bottle  for  twelve  hours  or  more  is  callAi  its 
turbidity,  and  that  which  has  settled  to  the  bottom  of  the  bottle  its 
sediment. 

Good  ground  waters  are  often  entirely  free  from  turbidity  and 
sediment,  but  surface  waters  are  seldom  ft-ee  from  suspended 
matter.  The  turbidity  is  very  various  in  character  and  amount) 
sometimes  milky  from  clay,  but  more  generally  it  consists  of  fine 
pollen-like  particles.  These  are  generally  living  algie,  and  a  prao- 
ticed  eye  can,  not  infref|uent]y,  recognize  their  forms.  Some  of' 
the  lower  animal  forma  can  also  be  seen  by  the  naked  eye,  and  tha 
larger  entomostraca  are  quite  noticeable  in  many  waters. 

The  sediment  may  be  earthy  or  flocculent,  in  the  latter  case  It  is 
generally  debris  of  organic  matter  of  various  kinds.  The  degree  of 
turbidity  is  expressed  by  the  terms  "very  slight,"  "slight,"  "dis- 
tinct" and  "decided,"  and  the  degree  of  sediment  by  "very 
alight,"  "slight,"  "  considerable "  and  "much," 
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INTERPRETATION  OF  THE  CHEMICAL  ANALYSIS 

OF  WATER. 


In  tho  examination  of  water  we  classify  the  substances  found  in  it 
into  mineral  and  organic.  The  distinction  is  not  altogether  a  per- 
manent one,  for  the  mineral  and  organic  are  dependent  on  one 
another  and,  in  part  at  least,  pass  into  one  another.  From  a  sani- 
tary standpoint  our  interest  centres  itself  mainly  in  the  organic 
matter.  This  we  find,  first,  as  living  organisms,  vegetable  and 
animal,  which  either  float  in  the  water  or  have  the  power  to  move 
about  in  it ;  second,  the  products  of  organic  life,  such  as  albumen, 
urea,  tissue,  et<;.,  which  may  be  dissolved  in  the  water  or  suspended 
in  it ;  and,  third,  products  of  the  decomposition  of  organic  matter. 
In  the  last  division  are  included  salts  of  ammonia  and  of  carbonic 
and  nitric  acids  —  mineral  matters  in  fact  —  which  serve  in  turn  as 
food  for  the  vegetable  life  in  the  water.  It  is  the  carbon  and  nitro- 
gen of  these  compounds  which  are  constantly  oscillating  between 
organic  and  mineral  matter.  Carbon  and  nitrogen  in  organic  com- 
bination to-day  may  be  found  to-morrow  as  alkaline  carbonates  and 
nitrates.  None  of  the  other  mineral  compounds  found  in  water  boar 
this  intimate  relation  to  organic  matter.  These  are  potash,  soda, 
lime,  magnesia,  iron  and  alumina,  in  combination  with  chlorine  and 
sulphuric  and  silicic  acids.  The  ordinary  processes  of  analysis  suf- 
fice for  the  accurate  determination  of  all  the  mineral  constituents  of 
the  water,  but  the  determination  of  the  amount  and  character  of  the 
organic  matter  contained  in  water  is  not  generally  practicable,  so 
that  indirect  methods  must  be  resorted  to  to  indicate  its  presence 
and  condition.  This  diflBculty  is  in  part  due  to  the  very  small 
quantity  of  organic  matter  usually  present  in  natural  waters  and 
also  to  the  rapidity  with  which  it  decomposes  and  loses  its  original 
character. 

The  usual  method  adopted  to  get  information  with  regard  to  the 
organic  matter  in  water  is  to  determine  the  amouul  ^vid.  ^QvA\\A«Vi 
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of  the  niti'ogen  compounds,  for  it  is  the  nitrogenous  oi^anic  matter 
which  has  the  greatest  sanitary  importance,  owing  not  only  to  the 
fiicility  with  which  it  undergoes  decomposition  but  also  to  the  fact 
that  nitrogen  is  an  essential  element  in  all  living  matter.  Ana- 
lytical processes  of  great  accuracy  enalile  us  to  determine  nitrogeo 
in  four  firms ;  namely,  as  organic  nitrogen,  as  ammonia,  as  nitrous 
acid  and  as  nitric  acid.  This  order  represents  also  the  order 
of  change  from  the  organic  state  of  the  nitrogen  to  its  most  highly 
oxidized  condition.  A  familiar  instance  is  found  in  albumen,  which 
contuins  about  sixteen  per  cent,  of  nitrogen  in  organic  combination. 
When  this  is  exposed  in  solution  to  suitable  conditions  of  decom- 
position, the  nitrogen  is  first  converted  into  ammonia  and  subse- 
quently oxidized  to  nitrous  acid  and  finally  to  nitric  acid.  This 
series  of  changes  requires  the  presence  of  oxygen  and  of  some 
alkaline  or  earthy  base  with  which  the  acids  can  combine  when 
formed.  Further,  the  presence  of  micro-organisms  is  necessary  to 
initiate  and  carry  the  processes  through  to  completion. 

Organic  matter  such  as  we  are  considering  consists  chiefly  of 
carbon,  hydrogen,  nitrogen,  and  oxygen.  The  process  of  decompo- 
sition mny  be  BBid  to  be,  in  a  general  way,  first  the  oxidation  of  the 
carbon,  which  leaves  the  nitrogen  combined  with  hydrogen  in  the 
form  of  ammonia,  and  subsequently  the  oxidation  of  the  ammonia' 
to  water  and  nitric  acid.  Carbon  takes  precedence  of  the  nitrogen 
in  appropriating  the  oxygen,  and  the  presence  of  ammonia  repre- 
sents therefore  the  first  stage  of  the  decomposition  of  nitrogenous 
organic  matter.  If  we  suppose,  in  any  case,  the  carbon  to  bo  com- 
pletely oxidized,  the  organic  matter  is  destroyed  as  such,  but  the 
process  once  begun  continues  until  the  nitragen  is  also  oxidized.i 
We  must  thus  conceive  the  bacterial  action  of  decay  to  continue 
even  after  the  organic  or  organized  character  of  a  substance  is 
lost ;  the  process  of  decay  of  organic  matter  is,  therefore,  not  to  be 
considered  complete  until  the  nitrogen,  as  well  as  the  carbon,  has 
attained  its  highest  degree  of  oxidation.  It  is  not  of  course  to  be 
supposed  that  all  the  carbon  of  the  organic  matter  is  oxidized  before 
the  oxidation  of  any  of  the  niti-ogen  begins :  the  two  processes 
doubtless  go  on  to  some  extent  side  by  side ;  but,  in  general,  it 
may  be  said  that  the  organic  nitrogen  first  passes  through  the  state 
of  ammonia  before  it  is  oxidized,  and  that  the  presence  of  ammonia 
indicates  that  a  certain  amount  of  carbon  has  been  oxidized  from  the 
orsanic  conditioD  to  carbonic  acid. 
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Students  of  sanitary  science  have  attempted  to  establish  certain 
standards  of  purity  of  water  based  on  the  determination  of  nitrogen. 
These  standards  express  limits  for  organic  nitrogen,  or  albuminoid 
ammonia,  free  ammonia,  nitrites  and  nitrates,  beyond  which  the  water 
containing  them  should  not  be  used  for  drinking.  Some  of  them  have 
the  sanction  of  sanitary  congresses,  and  some  are  merely  the  expres- 
sion of  individual  opinion.  The  application  of  these  standards  of 
purity  has  condemned  many  waters  which  were  certainly  unfit  to 
drink,  but  it  is  equally  certain  that  many  wholesome  waters  have  been 
thereby  also  rejected.  The  fallacy  involved  in  making  **  standards 
of  purity  "  based  upon  the  organic  nitrogen,  ammonia,  nitrites  and 
nitrates,  is  apparent  when  we  consider  that  these  substances  are 
not  injurious  in  themselves,  at  least  to  the  extent  which  they  are 
found  in  natural  waters,  and  that  the  presence  of  any  one  of  these 
substances  in  water  does  not  in  itself  necessarily  carry  with  it  any 
indication  of  its  origin.  These  standards  are  relics  of  days  in  which 
the  harmfulness  of  a  water  was  supposed  to  be  the  direct  result  of  the 
injurious  action  of  specific  substances  found  in  it.  The  theory  of 
to-day  is  that  it  is  (in  the  large  majority  of  cases)  to  the  presence 
of  micro-organisms  in  water  that  its  harmful  influence  is  due,  and 
that  the  results  of  chemical  analysis  have  their  highest  value  in  the 
light  that  they  throw  on  the  quality  of  the  water  from  the  stand- 
point of  bacterial  contamination.  The  use  to  which  these  determina- 
tions should  be  put,  therefore,  is  to  discover  if  possible  the  origin 
and  history  of  the  nitrogen  compounds  in  the  water.  The  study  of 
the  long  series  of  results  obtained  in  the  analysis  of  waters  of  the 
State  of  widely  different  character  and  surroundings,  together  with 
the  results  obtained  at  the  Lawrence  Experiment  Station  of  sewage 
purification  by  intermittent  filtration,  has  broadened  our  views  of  the 
subject  and  has  enabled  us  to  break  away  from  many  of  the  tradi- 
tions which  have  hitherto  controlled  the  opinions  of  sanitarians. 

To  determine  whether  or  not  a  water  has  been  polluted  by  sew- 
age, a  chemical  analysis  is  sometimes  insufficient  —  sometimes  it  is 
superfluous.  It  does  not  need  a  chemical  examination  to  decide 
whether  a  stream  has  been  polluted  by  sewage  when  one  can  see 
the  sewage  flowing  into  it.  In  such  case  the  determination  of  the 
nitrogen  compounds  is  useful  merely  in  the  light  which  they  throw 
on  the  amount  and  condition  of  the  polluting  material.  There  are 
many  situations,  however,  particularly  in  ground  waters  the  course 
of  which  may  not  be  definitely  known,  where  the  results  o£  ^VL'^\si\Ra!^ 
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annlysis  must  lie  our  main  reliance  in  deciding  whether  a  water  is 
nonnal  or  polluted. 

But  in  any  case  an  opinion  regarding  the  wholesomeness  of  a 
water  must  be  based  on  all  the  information  obtainable  about  it.  In 
addition  to  the  chemical  and  biological  examination  one  should 
know  the  location,  environment  and  sonrce  of  the  water  and  the 
character  and  population  of  the  drainage  area.  The  season  of  the 
year  has  an  influence  also  (as  will  he  seen  later)  on  the  condition 
of  many  waters.  These  facts,  dniwn  from  widely  different  sources, 
are  all  interdependent  and  help  to  interpret  one  another, 

The  value  of  an  opinion  as  to  the  wholesomeness  of  a  water  is, 
unfortunately,  often  thought  to  bo  in  inverse  proportion  to  the  knowl- 
edge which  a  chemist  has  of  its  origin  ;  in  other  words,  it  is  thought 
that  a  knowledge  of  the  source  of  a  water  will  bias  a  chemist  in  liia 
examination.  This  notion,  which  Is  quite  widespread,  is  founded  on 
the  mistaken  idea  that  a  chemist  tests  for  deflnitc  harmful  impurifiea 
in  water  as  if  searching  for  poisous,  when  the  fact  really  is  that  the 
value  of  the  results  of  a  chemical  examination  depends  entirely  oa 
the  correctness  of  their  interpretation. 

We  may  sum  up  the  conceivable  methods  in  which  a  water  may 
produce  a  disturbance  of  the  normal  functions  as  follows   — 

1.  The  presence  in  the  water  nf  mfjstancea  which  have  a  direct 
disturbing  influence  on  the  system.  A  familiar  instance  is  recog- 
nized in  the  use  of  hard  waters,  or  those  with  high  mineral  contents, 
by  those  accustomed  to  soft  waters,  and  vice  versa.  This  efi'ect  of 
change  of  waters  is  usually  only  temporary.  Dissolved  vegetable 
matter  in  large  amount  in  water  has  been  credited  with  injurious 
effects,  often  of  a  serious  character.  This  may  be  owing  to  tho 
vegetable  matter  having  definite  toxic  properties  like  a  drag,  for 
instance,  or  it  may  be  due  to  the  vegetable  matter  l>eing  in  a  state 
of  decomposition.  Further,  it  is  likewise  conceivable  that  the 
presence  of  certain  minute  living  animal  and  vegetnble  organiams 
in  a  water — algte,  infusoria  and  the  like  —  may  exert  an  injurious 
influence  on  health.  Bad  odors  and  tastes  may  of  themselves,  irre- 
epective  of  their  nature  and  origin,  be  injurious  to  persons  of  delicate 
constitutions. 

2.  The  presence  of  products  of  decay  in.  t}ie  icater.  It  is  well 
known  that  decaying  animal  and  vegetable  matters  are  unfit  for 
food.  In  the  process  of  decay,  more  particularly  of  animal  matter, 
rirukot  poisons  are  often  formed.     The   idea   naturally  suggests 
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itself  that  decomposition  of  organic  matter  going  on  in  water  may 
give  rise  to  some  of  these  poisonous  compounds.  While  the  idea 
is  not  inherently  improbable,  it  yet  lacks  proof,  and  in  the  present 
state  of  our  knowledge  of  these  compounds  it  would  seem  incapable 
of  confirmation  except  perhaps  in  a  water  so  grossly  polluted  that 
it  could  not  be  classed  with  drinking  waters. 

3.  Tlie  presence  of  micrxhorganisms  in  the  tocUer.  All  processes 
of  decay  or  oxidation  of  organic  matter  going  on  in  nature  are 
accompanied  by  the  vital  activity  of  bacteria,  and  it  is  believed  that 
the  decay  is  the  direct  result  of  this  activity.  The  bacteria  which 
are  the  active  agents  of  this  oxidation,  in  which  process  organic 
matter  is  converted  into  mineral  matter,  are  not  known  to  have  any 
injurious  cfiect  on  the  human  system.  It  is  conceivable,  however, 
that  when  they  are  very  abundant  and  active,  as  they  must  be  in 
cases  of  active  decomposition,  the  products  of  their  life  pro- 
cesses may  exert  an  influence  on  the  human  system  that  would  be 
inappreciable  when  their  numbers  are  smaller.  Again,  in  cases  of 
active  decomposition  if  may  well  be  that  other  bacteria  may  be 
present  besides  those  engaged  in  the  oxidation  of  the  carbon, 
hydrogen,  and  nitrogen  of  the  organic  matter,  and  that  these  may 
not  be  innocuous  to  health.  It  is  supposed  that  each  ptomaine  is 
the  result  of  the  activity  of  a  specific  bacterium.  Herein  lies  the 
possibility  of  danger  greater  than  that  involved  in  the  formation  of 
the  ptomaines  themselves ;  namely,  the  multiplication  in  the  system 
of  these  specific  bacteria  accompanied  with  the  generation  of  a 
large  amount  of  poisonous  compounds. 

The  presence  of  the  waste  products  of  human  life  in  drinking 
water  has  long  been  recognized  as  the  most  serious  of  all  forms  of 
pollution.  Instances  of  the  harmful  effect  of  drinking  the  waters 
of  sewage-polluted  streams  and  of  wells  contaminated  with  house 
drainage  are  suflBciently  numerous  to  leave  no  doubt  as  to  this 
causation  of  disease.  In  such  cases,  it  must  be  borne  in  mind,  we 
are  dealing  not  only  with  the  excreta  of  healthy  persons  but  also, 
it  may  be,  of  the  sick.  In  seeking  for  the  cause  of  this  harmful 
effect  of  sewage-polluted  water,  we  find  the  most  ready  explana- 
tion in  the  presence  of  germs  of  disease.  That  illness  should 
be  caused  by  products  of  decomposition,  of  urea  or  the  like,  pre- 
supposes an  amount  of  the  substances  which  is  rarely  found  in 
water  which  is  acceptable  for  drinking.  The  sense  of  taste  and  of 
smell,  it  is  well  known,  are  no  efficient  safeguards  against  drinking 
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water  which  contaias  disease  germs  in  great  number  and  of  great 
virulence. 

In  cities  provided  with  an  abundant  water  supply,  the  sewage  is 
water  containing  less  than  one-tenth  of  one  per  cent,  of  foreign  sub- 
Btauces,  a  large  proportion  of  which  is  mineral  matter.  The  organic 
matter  and  the  products  of  its  decomposition  rarely  exceed  one- 
twentieth  of  one  per  cent,  of  the  weight  of  the  sewage.  Yet  it  is 
this  very  small  quantity  of  decomposing  matter  that  gives  it  its 
ofl'ensive  character  and  also  gives  it  its  power  either  directly  or 
indirectly  of  causing  disease. 

Characteristic  of  sewage  is  the  condition  of  the  nitrogenous  matter. 
Its  decomposition  has  been  arrested  liy  the  failure  of  the  oxygen 
supply  in  the  water,  and  we  have  much  free  ammonia  as  a  conse- 
quence of  tile  oxidation  of  the  organic  carbon,  but  no  oxidized 
compounds  of  nitrogen.  Following  is  an  avenige  of  daily  amilyses 
of  the  sewage  of  Lawrence  for  a  year. 

Analysis  of  Lawrence  Scu-age. 
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Of  the  nitrogen  compounds  it  is  seen  that  free  ammonia  is  largely 
in  excess  of  the  albuminoid  ammonia,  and  that  high  chlorine  and 
high  contents  of  mineral  matter  are  characteristic.  When  sew- 
age is  exposed  to  the  action  of  oxygen,  as  when  it  mingles  with 
the  waters  of  a  large  stroam,  or  percolates  slowly  through  porous 
ground,  oxidation  takes  place  until  all  the  carbon  and  nitrogen  are 
oxidized,  and  the  final  result,  when  there  are  no  disturbing  con- 
ditions, is  the  conversion  of  the  total  nitrogen  into  nitrates,  which 
are  soluble  in  water.  Recent  pollution  by  sewage  (using  this  term 
in  a  general  way  to  express  the  waste  of  human  life  whether  or  not 
collected  in  sewers)  is  characterized  by  the  presence  in  the  water  of 
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free  ammonia  and  nitrites,  and  more  remote  pollution  by  the 
presence  of  nitrates. 

In  studying  the  effects  of  sewage  contamination,  we  must  distin- 
guish sharply  surface  waters  from  ground  waters.  In  surface  waters, 
exposed  to  the  air  and  to  the  action  of  the  sun's  light  and  heat,  there 
are  two  actions  going  on ;  namely,  the  oxidation  of  the  elements  of 
the  organic  matter  and  their  absorption  by  the  various  forms  of 
vegetable  and  animal  life,  thus  creating  organic  nitrogen  in  new  and 
living  forms.  In  porous  ground  are  found  the  most  favorable 
conditions  for  the  oxidation  of  organic  matter ;  here  the  bacteria  of 
decomposition  have  their  home,  and  the  thin  layers  in  which  the 
water  is  exposed  to  the  air  facilitates  the  oxidizing  process.  In  the 
absence  of  light,  green  plants  cannot  grow,  and  there  is  consequently 
no  formation  of  ocganic  nitrogen  as  in  the  case  of  surface  waters. 
On  the  other  hand,  the  forward  movement  of  water  in  the  ground  is 
very  slow  as  compared  with  surface  streams,  and  there  is  thus  oppor- 
tunity for  the  accumulation  within  a  limited  area  of  the  products  of 
decay. 

In  the  foregoing  classification  of  waters  we  have  had  in  mind  the 
distinction  between  good  and  bad  waters  based  on  the  absence  or 
presence  of  sewage.  The  question  of  a  public  water  supply  involves 
also  considerations  of  appearance,  taste,  color  and  odor  of  the 
water,  which  are  often  of  equal  importance,  since  a  water  which  is 
unsightly,  bad-tasting,  and  mal-odorous  is  not  acceptable  for  drink- 
ing, even  though  injurious  effects  on  the  system  cannot  be  ascribed  to 
its  use.  These  objectionable  qualities  in  a  water  are  due  generally 
to  dissolved  vegetable  matter  or  to  vegetable  and  animal  organisms 
the  life  of  which  is  supported  by  organic  and  mineral  matter  in  the 
water.  The  connection  between  the  chemical  composition  of  a  water 
and  the  kind  of  life  it  will  support  is  not  yet  well  understood,  but 
it  is  hoped  that  further  accumulation  of  chemical  and  biological 
facts  will  enable  us  to  know  more  of  their  relations  to  each  other. 

The  characters  of  surface  and  ground  waters  are  so  radically  dif- 
ferent that  a  discussion  x)f  the  interpretation  of  the  results  of  analyses 
will  be  more  profitable  if  we  consider  these  two  classes  of  waters 
separately. 

Surface  Waters. 

Surface  waters  —  brooks,  rivers,  ponds  and  lakes  —  have  charac- 
ters dependent  on  the  regions  which  they  have  drained.     The  water 
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of  a  inoiintain  stream  flowing  rapidly  over  rocky  Blo[>es  will  not 
differ  mucli  m  composition  from  the  rain  wliich  fell  on  the  moun- 
tain. The  water  of  a  stream  as  it  flows  into  the  sea  after  draining 
many  liundreds  of  square  miles  of  surface  is  still  the  rain  water  of 
the  draJDuge  area,  but  it  carries  with  it  in  solution  and  suspension 
mineral  and  organic  mutters  of  va)'ious  Icinds  which  it  has  collected 
in  its  onward  flow. 

The  still  orslon-ly  moving  bodies  of  water  —  as  ponds,  lakea  and 
reservoirs  —  difTer  in  an  important  particular  from  the  streams,  or 
water  in  more  or  less  rapid  motion,  in  that  they  afl'ord  better  op- 
portunity for  the  growth  of  algre,  which  under  favorable  conditions 
is  often  so  great  as  to  make  the  water  turbid  and  to  give  it  a  dis- 
tinct odor  and  taste.  This  condition  of  atlairs  is  seldom  met  with 
in  streams. 

In  classifying  waters  from  a  sanitary  standpoint,  the  most  obvious 
and  useful  distinction  is  into  waters  which  are  polluted  either  directly 
or  indirectly  with  sewage,  or  in  general  with  the  waste  products 
of  human  life  and  industry,  and  those  which  are  free  from  such  con- 
tamination. The  latter  class  of  waters  we  will  cull  normal.  Normal 
waters  may  differ  widely  in  character  from  the  pure,  colorless,  moun- 
tain stream  to  the  brown  water  of  swamps,  but  they  have  this  in 
common  that  they  have  never  received  any  contamination  connected 
with  the  life  of  man.  It  is  not  meant  to  be  implied  in  this  distinc- 
tion that  normal  waters  are  necessarily  good  waters  to  drink,  but 
they  are  never  capable  of  producing  those  specific  troubles  which 
have  their  origin  in  disordered  vital  processes. 

The  chemical  analysis  alone  may  sometimes  fail  to  distinguish 
a  nonnal  from  u  sewage-contaminated  surface  water.  In  the 
following  table  are  grouped  together  the  results  of  the  analyses  of 
several  normal  and  polluted  waters,  which  have  been  selected  to 
show  that  in  some  cases  not  only  is  no  single  determination  conclusive 
as  regards  the  origin  and  quality  of  a  water,  but  that  all  the  deter- 
minations taken  together  do  not  always  suffice  to  give  us  the  inform- 
ation we  desire. 

Thus,  among  the  polluted  Maters  are  found  some  in  which  the 
albuminoid  ammonia  is  lower  than  in  the  waters  which  are  unpolluted. 
The  same  is  also  time  of  the  free  ammonia,  the  nitrates,  nitrites, 
chlorine,  etc.  Again,  the  great  variation  in  the  amounts  of  these 
substances,  even  among  the  normal  waters,  shows  that  we  have  to 
deal  with  facts  that  do  not  necessarily  carry  their  interpretation  with 
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them.  But  in  all  these  cases  a  knowledge  of  the  location  and 
environment  of  these  waters  renders  the  results  of  the  analyses 
intelligible,  as  we  shall  see  later  on. 

Table  op  Water  Analyses  of  Normal  and  Polluted  Surface  Waters. 

Normal  WcUers. 

[rarU  per  100,000.] 
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Polluted  WaUrs. 


1 

Distinct. 
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0.10 
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2.06 

8.70 

.0124 
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'     .0150 
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Very  slight. 

0.65 
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1.05 

8.20 
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.0106 

0.54 

.0550 
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6.00 
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4.15 
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.0106 

0.58 

i     .0200 

.0004 

4 

Slight. 

Slight. 

0.16 

10.25 

1.90 

0.06 

.0000 

.0262 

2.09 

.0170 

.0010 

6* 

Slight. 

Slight. 

0.16 

12.70 

2.10 

10.60 

.0664 

.0263 

2.41 

•     'OSOO 

.0025 

*  Another  sample  from  the  same  source  as  the  one  Immediately  preceding. 


Two  substances  are  especially  characteristic  of  fresh  sewage, 
namely,  free  ammonia  and  chlorine ;  the  latter  is  permanent,  while 
the  former,  the  ammonia,  is  ultimately  oxidized  into  nitrites  and 
nitrates.  In  looking  for  the  evidence  of  sewage  in  a  water,  as 
shown  ill  its  contents  of  chlorine  and  ammonia,  we  must  bear  in 
mind  the  reduction  in  amount  of  both  of  these  substances  by  dilu- 
tion and  also  the  loss  of  the  latter  by  oxidation.  There  is  also 
another  source  of  loss  of  ammonia,  namely,  its  absorption  by  grow- 
ing plants.  The  experiment  of  adding  sewage  to  vessels  of  water 
containing  living  algie  shows  that  the  ammonia  quickly  disappears 
and  that  the  plants  grow  luxuriantly.     It  is  true  there  is  the  possi- 
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bility  that  the  ammonia  is  first  oxidized  to  oitrates  before  it  is  taken 
up  by  the  plant ;  if  so,  the  process  goes  on  too  rapidly  to  allow  any 
accumuIutioD  of  nitrates  in  the  water.  Tiioae  two  processes,  namely, 
the  oxidation  of  ammonia  and  its  absorption  by  plant-life,  are  active 
in  the  "  self-purification  of  streams." 

The  plant-life  which  is  thus  stimulated  by  the  ammonia,  appears 
in  an  analysis  of  water  as  albuminoid  ammonia.  Abundance  of 
plant-life  does  not,  however,  prove  the  presence  of  sewage  contami- 
naliuu.  lu  two  of  tBe  analysess,  included  among  the  normal  waters 
in  the  table  above,  will  be  found  excessive  amounts  of  albuminoid 
ammonia.  These  are  from  a  reservoir  in  which  there  is  abundant 
food  for  tho  alga;  in  swampy  waters,  or  in  the  organic  matter  of 
the  muddy  bottom. 

Fortunately  we  are  not  without  a  clew  as  to  the  ohanicter  and 
origin  of  waters  in  this  State  as  the  result  of  chemical  analysis,  and 
this  we  find  in  the  amount  of  common  suit  in  the  water,  or,  as 
expressed  in  the  results  of  analysis,  in  the  chlorine. 

Chlorine.  —  A  comparison  of  the  determinations  of  the  chlorine 
in  the  waters  of  the  State,  made  during  the  past  two  years,  shows 
the  interesting  fact  that  there  is  a  regular  decrease  in  amount  as  we 
go  from  the  seaboard  westward.  By  selecting  waters  near  their 
source,  which  we  know  from  actual  inspection  are  far  removed  from 
all  sources  of  contamination,  we  are  able  to  establish  for  many 
localities  the  normal  c/ilorine.  In  a  State  as  thickly  settled  as 
Massachusetts,  it  is  not  possible  in  all  localities  to  get  waters  which 
we  can  say  with  positiveness  arc  absolutely  free  from  the  drainage 
of  human  habitations,  and,  in  some  regions,  the  figures  with  which 
we  have  to  content  oureelves  are  probably  somewhat  too  high. 

The  following  table  contains  the  chlorine  determinations  in  some 
of  the  waters  of  the  State  which  are  nearly  or  quite  free  from  human 
contamination.  Here  it  will  be  noticed  that  the  areas  of  low  chlo- 
rine are  all  in  the  western  pai't  of  the  State,  and  that  the  amount 
increases  as  we  approach  salt  water. 

This  is  also  conveniently  shown  on  the  map  of  "  Normal  Chlorine 
of  Massachusetts,"  accompanying  this  report. 
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Table  of  Normal  C?Uorine, 

CParti  per  100,000.] 


NuintK^r  of 
Monthly 
Determina- 
tion*. 


Average 

Chloriue. 


Extremes  of 
Ctilorioe. 


North  Adama,  Notch  Brook, 

Lenox,  Retervoir, 

PitUfield,  Sackett  Brook 

Montague,  Lake  Pleasant 

Greenfield,  Glen  Brook 

Leominster,  Haynes  Reaervoir» 

Springfield,  Ludlow  Reaervoir 

Worcester,  Tatmick  Brook  Reamroir, 

Boothbridge,  Reservoir 

Fitchborg,  Scott  Reservoir, 

Clinton,  Lynde's  Brook, 

Hudson,  Gatea  Pond 

Way  land,  Snake  Brook, 

Boston  Water  Works,  Aahland,  Raa«nrolr  4,       .       .       . 

Haverhill,  Keooza  Lake 

Danvers,  Mlddleton  Pond, 

Fall  River,  Watuppa  Lake 

New  Bedford,  Acushnet  Reservoir 

Plymouth,  Little  South  Pond, 

Nantucket,  Wannacomet  Pond 


11 

.06 

.02—  .09 

12 

.07 

.04-  .09 

8 

.08 

.07  —  .10 

21 

.10 

.07—  .16 

12 

.11 

.06—  .16 

21 

.12 

.08—  .16 

23 

.12 

.08—  .20 

23 

.12 

.08—  .16 

24 

.13 

.06—  .21 

24 

.14 

.10—  .19 

13 

.16 

.13—  .19 

24 

.20 

.16—  .23 

20 

.23 

.17—  .30 

24 

.28 

.19—  .28 

20 

.34 

.30—  .39 

24 

.35 

.24  —  .47 

24 

.62 

.48—  .63 

24 

.53 

.46—  .67 

7 

.62 

.56—  .68 

8 

2.16 

2.03—2.25 

It  will  be  noticed  that  the  variations  in  the  amount  of  chlorine  in 
many  of  these  waters  is  very  great  at  diflFerent  times,  amounting  in 
some  cases  to  300  or  400  per  cent. ,  particularly  in  the  waters  lowest 
in  chlorine.  This  is  owing  to  variations  in  amount  of  rainfall,  to  the 
direction  from  which  the  rain  comes  and  to  the  rate  of  evaporation. 
Too  much  weight  therefore  must  not  be  attached  to  single  determina- 
tions of  chlorine,  unless  indeed  the  amount  found  is  decidedly  in  excess 
of  the  maximum  of  the  chlorine  determinations  in  the  normal  water. 

An  interesting  and  instructive  illustration  of  the  use  of  this 
knowledge  of  the  normal  chlorine  of  definite  regions  of  the  State 
is  found  in  the  different  sources  of  Boston's  water  supply.  Lake 
Cochituatc,  and  that  portion  of  the  Sudbury  River  drainage  area 
wljich  contributes  to  the  supply  of  Boston,  are  so  near  together 
that  we  may  assume  the  same  normal  of  chlorine  for  the  whole 
region.     This  normal  we  find  in  Snake  Brook  and  Dudley  Pond  in 
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Wayland  and  Reservoir  4  in  Asfalaod,  these  lieing  bodies  of  water 
wIiic'L  drain  regions  with  very  little  population.  The  chlorine  of 
Snake  Brook  ia  0.23  ;  of  Reservoir  4,  0.23  ;  and  Dudley  Pond  (three 
dete I'm i nations  only),  0.22.  If  now  we  average  the  other  sources 
of  Boston's  supply  in  the  order  of  their  chlorine,  we  find  that  thid 
order  corresponds  also  with  the  amount  of  the  population  on  the 
respective  diminage  areas  :  — 

ReserFoir  2,  Framingliam,  Sudbury  River 0.31 

Reservoir  3,  Framingham,  Stony  Brook, ....'.       0,40 
Liike  (Joutiituate,  Wayland, 0.44 

The  water  as  supplied  to  the  consumer  in  Boston  contains  0.41 
parts  of  chlorine.  The  diSerence  between  this  number  and  the 
normal  of  the  region,  namely  0.23,  represents  the  etfect  of  the 
population  on  the  area  on  which  the  water  is  collected. 

The  Mystic  Lake  water,  which  is  supplied  to  Charlestown  and 
the  neighboring  towns  of  Chelsea,  Everett  and  Somerville,  has  an 
average  chlorine  contents  of  1.93,  the  normal  of  the  region  being 
under  0.50.  This  excess  is  caused  by  the  extensive  tanneries  and 
the  large  population  on  this  drainage  urea. 

It  must  not  be  inferred  that  the  amount  of  contaqiinatton  of  a 
stream,  as  indicated  by  the  excess  of  chlorine  over  the  normal  of  the 
region,  is  necessarily  the  result  of  direct  access  of  sewage  to  the 
stream.  The  amount  of  chlorine  in  a  stream  above  the  normal  ia  in 
direct  proportion  to  the  population  on  the  area  on  which  it  has 
drained,  whether  the  region  has  sewers  or  not :  provided,  of  course, 
that  the  sewage  is  not  carried  outside  the  drainage  area.  But  with 
regard  to  the  organic  matters  the  case  is  very  different.  When 
sewage  flows  directly  into  a  stream  there  is  direct  pollution  of  the 
water  by  decomposing  organic  matter,  whereas  when  house  drainage 
I'eaches  the  stream  after  filtering  through  porous  earth,  the  organic 
matter  may  have  l>een  entirely  oxidized,  and  the  water  be  purer, 
organically,  than  the  stream  into  which  it  flows.  But  the  chlorine 
in  the  waste  waters  suffers  no  change  in  filtering  througli  tlie  earth, 
and  hence  this  evidence  of  "previous  pollution"  remains  to  tell 
the  origin  of  the  water. 

In  the  case  of  Boston's  water  supply  above  mentioned,  nearly  all 
waste  products  of  the  population  reached  the  reservoirs  and  Lake 
Cochituate  indirectly  during  the  time  covered  by  this  report.  Sew- 
ers are  now  in  operation  in  South  Framingham,  and  the  other  towns 
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will  in  time  be  provided  with  them.  When  these  improvements 
are  completed,  and  the  sewage  is  disposed  of  outside  the  drainage 
area  of  the  Boston  waters,  the  chlorine  will  sink  to  a  point  nearer 
the  normal,  even  though  the  population  on  the  area  should  increase. 


In  the  determination  of  the  nitrogen  compounds  in  surface  waters 
we  have  the  indication  of  the  amount,  kind  and  condition  of  the 
organic  matter  which  they  contain  —  it  may  be  in  the  form  of  living 
vegetable  or  animal  organisms,  in  the  form  of  soluble  matters  of 
vegetable  or  animal  origin  which  the  water  has  dissolved,  or  in  the 
form  of  oxidized  products  of  organic  matter  previously  existing  in 
the  water.  As  already  Vnentioned,  four  conditions  of  the  nitrogen 
are  determined,  namely,  albuminoid  ammonia  (organic  nitrogen), 
ammonia,  nitrates  and  nitrites. 

Albuminoid  Ammonia, — This  represents  the  nitrogen  which  exists 
in  organic  combination  before  decomposition  has  set  in.  As  deter- 
mined in  our  usual  practice,  it  is,  in  amount,  about  one-half  of  the 
ammonia  which  the  total  organic  matter  would  be  capable  of  yield- 
ing. The  indication  which  this  determination  gives  of  the  total 
amount  of  organic  matter  present  in  the  water  depends  on  the 
character  of  the  nitrogenous  matter.  If  we  suppose  it  to  be  animal 
matter,  like  albumen,  which  contains  about  16  per  cent,  of  nitro- 
gen, the  total  organic  matter  would  be  approximately  determined  by 
the  formula  A  X  ^f  X  2  X  6J,  where  A  is  the  amount  of  albuminoid 
ammonia  which  the  factor  \^  reduces  to  nitrogen  ;  double  this  amount 
of  nitrogen  is  the  total  organic  nitrogen,  and  6^  times  this  amount 
is  the  total  organic  matter,  which  is  assumed  to  contain  sixteen 
per  cent,  of  nitrogen.  In  cases  of  vegetable  matter,  such  as  sus- 
pended algie  or  the  brown  matter  dissolved  from  grass  and  leaves, 
the  percentage  of  nitrogen  is  very  much  less,  consequently  the  total 
amount  of  organic  matter  represented  by  the  albuminoid  ammonia 
would  be  very  much  larger. 

The  determination  of  albuminoid  ammonia  does  not  in  itself  con- 
vey  any  information  as  to  the  character  of  the  organic  matter  in  the 
water.  Standards  of  purity  based  simply  on  the  amount  of  albu- 
minoid ammonia  are  of  little  or  no  value,  since  it  is  the  quality  of 
organic  matter  rather  than  its  quantity  that  immediately  concerns 
us. 

A  good  illustration  of  this  statement  is  found  in  the  comparison 
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of  certain  normal  and  polluted  ivaters.  Thus  the  water  from  Keser- 
voir  No.  4,  the  purest  of  Boston's  water  supplies,  has  had  an  aver- 
age contents  of  albuminoid  ammonia  for  two  years  of  .0260  parts 
per  100,000  (one  foot  below  the  surface) ,  the  highest  for  this  period 
being  .0328  and  the  lowest  .0210.  The  water  of  Mystic  Lake,  the 
worst  of  the  Boston  waters,  which  is  known  to  receive  considerable 
sewage  and  manufacturing  refuse  has  had,  during  this  same  time, 
an  average  contents  of  .0264  parts,  the  highest  being  0.35(>  and  the 
lowest  .0184.  Many  instances  of  this  kind  could  be  cited  to  show 
that  the  deteimination  of  albuminoid  ammonia  needs  to  be  inter- 
preted with  the  aid  of  other  determinations  and  with  a  knowledge  of 
the  source  and  general  character  of  the  water. 

We  distinguish  with  regard  to  the   sources  of  the  albuminoid 


Irtt.     Its  animal  or  vegetable  origin. 

2d.  The  susceptibility  of  the  organic  nitrogenous  matter  to 
decay. 

3d.  The  presence  of  the  organic  matter  in  solution  or  suspen- 
sion. 

It  19  generally  conceded  that  matters  of  aniraal  origin  in  water 
are  more  likely  to  be  injurious  than  vegetable  substances.  This  is 
probably  owing  to  the  fact  that  animal  organic  matter  decomposes 
more  rapidly,  as  n  rule,  than  vegetable  matter,  and  also  because 
the  products  of  animal  decomposition  are  more  apt  to  be,  in  them- 
selves, injurious. 

The  attempt  has  been  made,  with  only  partial  success,  to  distin- 
guish between  animal  and  vegetable  matter  in  water  by  the  rela- 
tion which  the  carbon  bears  to  the  nitrogen  —  the  proportion  being 
usually  greater  in  vegetable  than  in  animal  substances.  But  it  is 
seldom  that  we  need  be  in  any  doubt  as  to  the  presence  of  animal 
contamination  in  surface  water.  An  inspection  of  the  source  and  sur- 
roundings of  the  water  will  seldom  fail  to  give  us  this  information. 

The  susceptiljility  to  decay  of  organic  matter  —  whether  of  veg- 
etable or  animal  origin  —  can,  however,  be  determined  by  analysis ; 
in  other  words,  we  can  learn  from  successive  examinations  of  a 
sample  of  water  whether  its  organic  contents  decompose  readily. 
Here  is  an  important  distinction,  and  one  which  has  hitherto  been 
largely  ignored.  By  the  usual  standards  of  purity  albuminoid 
ammonia,  or  organic  nitrogen,  has  been  regarded  as  representing 
BO  much  organic  matter  with  inherent  possibilities  of  decay ;  the 
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facility  with  which  decay  takes  place  has  not  claimed  the  attention 
it  deserves.  For  the  more  rapid  the  progress  of  decomposition, 
the  greater  must  be  the  bacterial  activity  and  the  greater  the  likeli- 
hood of  the  accamulation  of  the  products  of  decay  in  the  water. 

A  most  valuable  result  of  the  systematic  examination  of  the  water 
supplies  of  the  State  has  been  the  recognition  of  this  fact,  namely, 
that  certain  kinds  of  nitrogenous  organic  matter  found  in  natural 
waters  are  remarkably  permanent  in  character.  This  is  especially 
the  case  with  the  brown  coloring  matter  which  water  dissolves  from 
grasses,  leaves,  roots,  etc.  Most  of  the  surface  waters  of  the  State 
are  more  or  less  colored.  The  water  of  the  Acushnet  River,  the 
water  supply  of  New  Bedford,  is  one  of  the  darkest  waters  of  the 
State ;  its  color  varies  from  0.70  to  2.30,  and  the  albuminoid 
ammonia  in  the  filtered  water,  entirely  free  from  suspended  matters, 
was,  with  the  last  mentioned  color,  .0296  parts  in  100,000  —  an 
amount  sufficient  to  cause  the  water  to  be  classed  as  •*  polluted"  by 
most  European  standards.  Experiments  made  with  this  water  and 
others  of  the  same  general  character  show  that  this  dissolved  nitrog- 
enous matter  will  remain  constant  in  composition  for  months  with- 
out the  development  of  free  ammonia  or  other  indications  of  decay. 

The  following  analytical  results  illustrate  this  statement :  — 


Analyses  of  Brown  Waters  indicating  Permanence, 

[Parts  iKT  100,000  ] 
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It  is  well  known  that  brown,  swampy  waters  were  formerly  often 
taken  by  sea  captains  going  on  „long  voyages  on  account  of  their 
keeping  qualities. 

It  is  still  thought  and  asserted  by  some  that  the  yield  of  ammonia 
on  treating  an  organic  compound  with  alkaline  permanganate  is  an 
index  of  its  susceptibility  to  decay  under  ordinary  conditions.    This 
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is  not  the  ease,  for  this  stable  brown  coloring  matter  of  swampy 
waters  is  readily  attacked  by  the  alkaline  permanganate  with  tbe 
abnndant  formation  of  albuminoid  atnmoniii. 

In  the  case  of  the  existence  of  vegetable  matter  in  suspension  in 
water,  as,  for  instance,  the  algw  which  grow  abundantly  in  many 
surfuco  waters,  we  cannot  speak  with  as  much  confidence  about  its 
ausceptiliility  to  decay.  It  is  not  unlikely  that  in  the  great  variety 
of  vegetation  found  in  surface  waters  there  may  be  a  wide  difference 
in  the  duration  of  life  and  rapidity  of  decay ;  but  from  the  fact  that 
in  the  waters  of  normal  ponds  and  reservoirs,  where  the  algie  are 
very  abundant,  we  do  not  find  any  marked  tendency  to  the  develop- 
ment of  free  ammonia  —  certainly  not  to  an  extent  commensurate 
with  the  amount  of  organic  nitrogen  present  —  it  might  seem  as  if 
this  class  of  vegetation  did  not  under  ordinary  conditions  decay 
nipidly.  Thus  if  we  look  at  the  analyses  of  the  water  of  Ilaynes 
Reservoir  of  Leominster  (page  188),  we  find  a  very  large  amount 
of  albuminoid  ammonia  —  in  one  case  as  high  as  0.1252  parts  per 
100,000  —  and  yet  in  only  fonr  months  out  of  the  twenty-two  is  the 
free  ammonia  over  .0020,  with  an  average  for  the  twenty  months  of 
.0023.  Another  instance  is  found  in  the  Ludlow  Reser\-oir  (Spring- 
field) (page  298),  whore  with  albuminoid  ammonia  averaging  .0381, 
and  in  one  case  rising  as  high  as  .0702  parts  per  100,000,  the  free 
ammonia  averages  only  .0019  for  a  period  of  twenty-one  months, 
and  during  this  time  did  not  rise  above  .0054  parts. 

But  this  evidence  is  not  conclusive.  It  may  still  be  the  fact  that, 
in  these  cases,  the  algiu  do  decay  rapidly  but  that  new  growth 
absorbs  the  products  of  decomposition  so  that  they  do  not 
accumulate  in  the  water.  Should  this  be  the  case  we  may  perhaps 
conclude  that  the  purifying  action  of  the  new  growth  neutralizes  the 
injurious  efl'ects  of  the  decay  of  the  old.  There  are  cases  on  record 
in  which  serious  illness  —  diarrhcea,  dysentery,  low  fevers  —  have 
been  ascribed  to  the  use  of  waters  from  swamps.  Assuming  this 
causation  to  be  proved  and  that  the  waters  were  unpolluted,  we 
must  look  "for  the  immediate  cause  of  the  trouble  in  the  peculiar 
nature  of  the  organic  matter  itself,  in  the  products  of  its  decom- 
position, or  in  the  presence  of  malarial  or  allied  disease  germs. 
Until  these  cases  are  thoroughly  investigated  both  from  the  chemical 
and  biological  side  we  must  remain  in  doubt  as  to  their  nature. 
None  of  the  normal  brown  waters  of  this  State  used  for  public 
water  supplies  have  the  depth  of  color  which  is  cliaracleristic  of  the 
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water  of  some  of  the  Southern  swamps,  and  as  far  as  we  now  know 
no  ill  effects  have  accompanied  their  use.  That  they  are  little  liable 
to  decomposition  we  have  already  seen,  and  it  is  interesting  to  note 
also  in  this  connection  that  the  actual  amount  of  vegetable  matter 
in  solution  in  these  waters  is  very  small.  In  the  case  of  the  water 
of  the  Acushnet  River,  already  referred  to,  the  largest  amount  of 
dissolved  organic  matter  (as  shown  by  the  loss  on  ignition)  during 
the  two  years  1887-89,  was  3.15  parts  per  100,000,  or  1.82  grains 
per  gallon.  Assuming  the  average  consumption  of  water  for  drink- 
ing to  bo  two  quarts  a  day,  one  would  take  into  his  system  in 
drinking  water  of  this  character  less  than  a  grain  of  vegetable 
matter  daily. 

Even  in  those  cases  where  the  water  is  turbid  from  an  abundant 
growth  of  algie,  the  actual  amount  of  solid  organic  matter  in  sus- 
pension is  much  less  than  would  generally  be  supposed.  This  is 
well  illustrated  by  the  following  results,  showing  the  condition  of 
the  water  of  Ludlow  Reservoir  in  August  for  four  years.* 


Organic  Matter  in  the  Water  of  Ludlow  Reservoir  in  August, 

[Parts  per  100,000.] 
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Albumisoid  AMMoariA. 
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A  X  2.5  X  Tz  X  13.48. 


187fl. 
1877, 
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.0654 
.0474 
.0486 
.0738 


.0286 
.0292 
.0108 
.0230 


.0269 
.0182 
.02288 
.0499 


0.7180 
0.5050 
0.7990 
1.3847 


An  actual  determination  of  the  amount  of  nitrogen  in  the  dried 
organisms  in  the  water  of  the  reservoir  (mostly  blue-green  algre), 
gave  7.42  per  cent.,  and  it  was  also  found,  by  experiment,  that  the 
total  nitrogen  of  these  organisms  was  about  2.5  times  the  yield  of 
nitrogen  as  albuminoid  ammonia.  Hence,  if  we  multiply  (as  has 
been  done  in  the  above  table)  the  amount  of  albuminoid  ammonia 
in  suspension  by  ^|  to  reduce  the  ammonia  to  nitrogen,  then  by 
2.5  and  finally  by  13.48  (a  factor  based  on  the  amount  of  nitrogen 
in  the  dried  algae,  namely,  7.42  per  cent.),  we  get  an  approximation 

*  From  a  special  report  of  the  State  Board  of  Health  to  the  Water  Commissioners  of  Spring- 
field, Feptember,  1389. 
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to  the  actual  amount  of  organic  matter  (in  a  dry  condition)  sus- 
pended in  the  water.  If  we  take  the  highest  amount,  namely, 
that  of  August,  1889,  we  have  only  1.3847  parts  in  100.000, 
equivalent  to  0.8  grain  per  gallon. 

Shallow,  stagnant  bodies  of  water,  which  in  the  heat  of  summer 
are  full  of  vegetable  and  animal  life,  liecome  in  time  foul  because 
decay  gets  ahead  of  growth  and  the  products  of  decomposition 
accumulate.  Such  waters  may  be  normal  in  the  sense  that  they 
are  free  from  human  contamination,  but  no  one  would  consider  them 
fit  to  drink.  We  have  had  in  mind  in  this  discussion  only  bodies 
of  nnter  large  enough  to  permit  the  changes  of  life,  death  and  decay 
to  go  on  normally. 

^ree  Ammonia. — The  expression  "free  ammonia"  aa  used  in 
water  analysis  is  unfortunate,  for  there  is  no  reason  to  suppose  that 
ammonia  exists  in  water  (except  under  very  unusaal  conditions) 
in  the  free  state  or  as  hydrate  ;  it  is  undoubtedly  present  usually  aa 
carljonate  or  chloride.  When  water  containing. salts  of  ammonia 
is  boiled,  these  salts  are  decomposed  and  free  ammonia  (or  hy- 
drate) is  found  in  the  distillate,  hence  probably  the  origin  of  the 
term,  Thero  need  be,  therefore,  no  misapprehension  in  the  use  of 
the  term  "  free  ammonia,"  which  has  the  sanction  of  long  usage  and 
serves  moreover  to  conveniently  distinguish  the  saline  from  the 
albuminoid  ammonia. 

The  significance  of  free  ammonia  in  water  is,  as  has  already  been 
fully  explained,  the  evidence  it  affords  of  decomposition  in  progress, 
for  ammonia  may  be  regarded  as  a  residue  of  organic  nitrogenoas 
matter  after  the  carbon  has  been  oxidized.  It  is  the  characteristic 
ingredient  of  sewage,  which  is  polluted  water  from  whiph  most  or 
all  of  the  dissolved  oxygen  has  been  taken  up  by  the  carbon  of 
nitrogenous  organic  matter  with  the  abundant  formation  of  ammonia* 

An  examination  of  the  results  of  the  analyses  of  the  surface  wat«r3 
of  the  State  shows  that,  broadhj'  speaking,  there  is  not  much  free 
ammonia  in  normal  waters  ;  in  other  words,  that  the  balance  between 
life  and  decay  is  such  that  this  product  of  decomposition  does  not 
accumulate  to  any  great  extent  in  the  water.  In  the  surface  waters, 
on  the  other  hand,  which  are  consideiiibly  contaminated  by  sewage, 
free  ammonia  is  often  persistently  present;  an  indication  that  the 
amount  of  ammonia  contribuled  by  the  sewage  is,  under  the  prevail- 
ing conditions,  greater  than  can  be  absorbed  by  the  growing  plants 
or  be  oxidized  into  nitrates. 
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Id  the  accompanying  table  there  are  given  average  determinations 
of  free  ammonia  of  twenty-four  waters  of  ponds,  lakes  and  reservoirs 
at  ditTerent  periods  of  the  year.  The  order  is  that  of  the  average 
amount  of  free  ammonia  in  monthly  determinations  for  two  years. 
Most  of  these  waters  are  normal  or  nearly  so  and  some,  particularly 
those  near  the  end  of  the  list,  are  more  or  less  polluted  by  sewage 
or  household  drainage. 

Free  Ammonia  in  Surface  Water*,  Average*. 
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The  conclusionfl  to  be  drawn  from  theae  detenni nations  are  :  first, 
that  tho^e  waters  which  receive  house  drainage,  either  directly  or 
indirectly,  are  much  higher  in  free  aramonia  than  those  that  do  not ; 
and,  second,  that,  during  the  colder  months  of  the  year,  the  ammonia 
is  higher  than  during  the  warmer  months.  But  there  are  so  many 
exceptions  to  these  general  rules  that  one  cannot  claim  for  them 
universal  applicability.  In  fact,  the  conditions  which  influence  the 
development  and  accumulation  of  free  ammonia  in  natural  waters 
are  so  various  that  one  must  be  extremely  cautious  in  deciding  what 
is  the  significance  of  its  presence  in  individual  cases.  From  the 
foregoing  table  of  analyses  it  is  seen  that,  even  in  normal  waters, 
the  average  contents  of  free  ammonia  is  not  the  same  from  year  to 
year.  Thus  the  average  ammonia  for  the  second  year  is  consider- 
ably less  than  for  the  first,  and  reference  to  the  last  two  columns 
shows  that  this  difference  is  due  to  the  lower  ammonia  in  the  colder 
months  of  the  second  year  (1888-89).  An  explanation  of  this 
occurrence  may  perhaps  bo  found  in  the  fact  that  the  winter  of 
1888-89  was  exceptionally  mild  and  very  little  ice  was  formed,  so 
that  growth  of  certain  phmts  continued  all  winter. 

In  the  table  we  find  the  avemge  free  mnmnnlii  for  the  eix  months, 
May  to  October,  for  two  years  to  be  .0019  parts  per  100,000,  and 
for  the  other  six  months  .0067,  or  as  1  to  3.5.  This  difference  is 
most  marked  in  those  waters  which  receive  much  nitrogen  from 
outside  sources,  as  is  well  shown  in  the  last  five  waters  on  the  list, 
in  which  the  average  relation  of  free  ammonia  in  the  warmer  to  the 
colder  months  is  .0044  to  .0248  or  1  to  5.6.  In  the  other  nineteen 
waters,  most  of  which  are  normal  or  nearly  so,  the  proportion  is 
much  lower,  namely,  .0013  to  .0020  or  1  to  1.5. 

The  most  obvious  explanation  of  the  lower  free  ammonia  in  the 
warmer  months  is  the  absorption  of  the  ammonia  by  vegetation. 
The  effect  of  water  plants  to  purify  even  polluted  waters  has  been 
already  alluded  to.  Mystic  Lake  is  a  badly  polluted  body  of  water, 
and  has  generally  much  free  ammonia  and  nitrates  ;  and  yet,  when 
vegetation  is  very  active  in  this  water,  the  ammonia  and  nitrates  are 
brought  down  to  such  a  point  that,  from  an  analysis  made  at  this 
time,  one  might  be  misled  as  to  the  character  of  the  water  if  the  large 
excess  of  chlorine  above  the  normal  did  not  indicate  its  pollution. 
Thus  in  the  analysis  of  this  water  for  August,  1888  (page  59),  we 
find  ammonia,  none  ;  nitrogen  as  nitrates,  ,0170.     The  average  free 
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ammonia  of  the  water  for  two  years  was  .0238,  and  nitrogen  as 
nitrates,  .0496  parts  per  100,000. 

But  there  are  many  other  conditions  which  influence  the  develop- 
ment or  disappearance  of  ammonia  in  natural  waters  which  must 
be  taken  into  consideration.  One  of  the  most  important  of  these 
is  the  circulation  or  stagnation  of  the  water  in  lakes  or  reservoirs. 
As  the  atmosphere  becomes  colder,  about  the  first  of  November, 
a  downward  current  sets  in  from  the  surface,  which  descends  to  a 
depth  where  the  water  has  the  same  temperature  as  the  surface. 
In  deep  lakes  of  40  feet  or  over,  the  temperature  at  the  bottom 
is,  in  this  State,  about  45^  F.  the  year  round,  so  that  the  tempera- 
ture of  the  surface  must  sink  below  this  point  before  the  whole 
body  of  water  is  in  circulation.  On  the  return  of  warm  weather, 
when  the  surface  of  the  water  is  heated  by  the  atmosphere,  circu- 
lation, due  to  difierences  in  temperature,  stops,  and  there  would  be 
complete  stagnation  if  the  wind  did  not  turn  the  water  over.  This 
action  of  the  wind  does  not  extend  below  a  depth  of  about  20  feet, 
consequently  there  is,  in  bodies  of  water  of  greater  depth,  a  mass  of 
stagnant  water  below  this  level  which  can  only  receive  a  limited 
amount  of  air  through  the  contact  of  the  water  above  it.  When 
this  mass  of  stagnant  water  contains  much  matter  capable  of  under- 
going decomposition,  or  when  the  bottom  of  the  lake  or  reservoir 
is  composed  of  mud  full  of  organic  impurities,  this  lower  layer  of 
water  becomes  very  foul.  Water  drawn  from  near  the  bottom  of 
such  lakes  contains,  besides  much  anmionia,  usually  a  large  amount 
of  oflensive  gases,  such  as  sulphuretted  and  carburetted  hydrogen, 
while  dissolved  oxygen  is  completely  absent.  In  foul  water  of  this 
character  the  varieties  of  animal  and  vegetable  life  which  we  find  in 
the  water  nearer  the  surface  are  almost  if  not  altogether  absent, 
and  bacteria  are  abundant. 

It  is  easy  to  see  how  it  is  that  the  waters  of  some  deep  lakes 
show  a  decided  increase  of  anmionia  in  the  late  fall  and  early  winter, 
when  the  advent  of  cold  weather  puts  these  deeper  layers  into  circu- 
lation. That  these  changes  take  place  as  described  has  been  proved 
by  determinations  of  temperature,  together  with  chemical  analyses 
of  waters,  taken  at  different  depths  in  Jamaica  Pond  for  a  period  of 
a  year.  The  details  of  this  investigation  will  be  found  in  another 
place.  Occasional  examinations  of  samples  of  water  taken  during 
the  summer  near  the  bottom  in  other  deep  lakes  have  shown  a  like 
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condition  of  affairs,  namely,  foul  amelliDg  water  with  much  free 
ammonia ;  an  accumulation,  in  otber  words,  of  intermediate  products 
of  decomposition  of  nitrogenous  organic  matter,  the  hydrogen  com- 
pounds of  carbon,  sulphur,  phosphorus  uud  nitrogen,  which,  owing 
to  the  exhaustion  of  the  supply  of  free  oxygen,  cannot  be  further 
oxidized. 

It  must  not  be  supposed,  however,  that  the  bottoms  of  all  deep 
lakes  are  in  this  condition.  In  the  absence  of  readily  decomposable 
organic  matter  the  water  at  the  bottom  will  not  differ  much  in  com- 
position from  that  at  the  top.  The  results  of  the  analyses  of  the 
water  of  Reservoir  4  of  the  Boston  supply  at  three  depths —  1  foot, 
20  feet  and  40  feet  below  the  surface,  the  latter  I)eing  near  the  bottom 
(see  pages  38  to  41)  —  show  only  a  slightly  higher  average  for  free 
ammonia  at  the  greater  depths  ;  there  has  never  been  any  indication 
of  active  decomposition  going  on  near  the  bottom  even  in  the  summer. 
In  some  of  the  shallower  bodies  of  water  not  over  20  feet  in  depth, 
with  much  decomposing  organic  matter  on  the  bottom,  the  water 
near  the  bottom  may  become  very  foul  in  summer  during  periods  of 
calm  weather  when  there  is  no  circulation.  After  a  sufficiently 
strong  wind  it  will  be  found  that  this  foul  layer  has  disappeared 
and  that  the  water  is  of  the  same  comiwsition  at  all  depths. 

In  the  months  of  February  and  March,  1888,  there  was  a  very 
general  and  marked  increase  in  the  free  ammonia  in  the  surface 
waters  throughout  the  State,  which  coincided  with  the  breaking  up 
of  the  ice.  The  following  winter  was  much  milder  and  ice  was  not 
formed  until  February,  which  lasted  only  a  few  weeks.  The  increase 
of  free  ammonia  at  this  time  was  very  much  less  marked  than  in  the 
previous  year.  Three  causes  may  have  operated  to  account  for  this 
development  of  ammonia  in  the  first  year ;  namely,  the  less  vegetable 
growth  in  the  colder  water,  the  melting  of  large  quantities  of  snow 
and  the  exclusion  of  the  air  by  the  covering  of  ice.  The  effect  of 
an  ice-covering  on  a  sewage-polluted  stream  has  been  shown  by 
Prof.  A.  R.  Leeds  in  the  case  of  the  Schuylkill  River  at  Philadelphia 
in  the  winter  of  1882-83.  In  this  case  the  oxygen  of  the  water  was 
nearly  exhausted,  and  there  was  an  actual  evolution  of  sulphuretted 
and  carburetted  hydrogen,* 

In  the  following  diagram  there  is   shown   graphically  the  average 

free  ammonia  in  forty  lakes,  ponds,  and  reservoirs  in  this  State  for 

■  Annual  report  ot  Cb!ef  Eaglaeer  ot  the  PbllitdelpLla  Water  Department  tor  1933. 
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two  years  from  June,  1887,  to  May,  1889.  The  high  free  ammonia 
of  the  early  months  of  the  first  year  ia  id  strong  contrast  with  that 
for  the  same  period  of  the  second  year.  Further  ezuminutions,  in 
both  mild  and  cold  winters,  will  be  necessary  to  decide  whether  this 
connection  of  great  cold  with  high  ammonia  in  ponds  is  i-egularly 
recurrent. 

Diagram  thotoing  Average  of  Free  Atitmonia  in  Forty  Pondi  and  Betervoin  for 
Tun  Teart,  June,  1887.  to  May,  1889. 
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In  the  foregoing  discussion  of  the  significance  of  free  ammonia 
in  surface  waters  we  have  had  in  mind  almost  exclusively  quiet 
bodies  of  water — ponds,  lakes  and  reservoirs — and  not  streams. 
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The  conditions  existing  in  flowing  waters  are  so  radically  different 
from  waters  at  rest  (or  with  but  very  slight  movement)  that  we 
cannot  expect  to  discover  in  the  analyses  of  river  waters  tlio  same 
effect  of  flimatic  changes,  of  great  depth,  etc.,  which  we  have  noted 
in  ponds  and  reservoirs.  In  streams  the  entire  body  of  water  is  in 
movement,  and  the  inequalities  of  the  bottom  and  sides  of  the  stream 
tend  to  keep  the  water  in  a  state  of  uniformity  at  all  depths.  The 
variations  of  level  in  streams  are  greater  and  more  frequent  than 
in  ponds  and  lakes,  since  the  flow  of  streams  ia  more  immediately 
dependent  on  rainfall.  High  water  and  rapid  flow  cause  roily 
water  by  the  washing  of  the  banks  and  scouring  of  the  bed  of  the 
stream,  which,  in  water  courses  usually  sluggish,  may  be  thickly 
coated  with  mud  ami  decomposing  matters. 

In  seasons  of  drought  and  low  water  streams  which  receive 
sewage  or  similar  drainage  show  relatively  more  pollution  than  in 
times  of  high  water.  This  condition  goes  to  neutralize  the  tendency 
which  we  have  noted  in  the  quiet  bodies  of  water  towards  lower  free 
ammonia  in  the  warmer  months,  owing  to  the  increase  of  vegetatioD 
in  the  water.  The  interpretation  of  the  presence  and  amount  of 
free  ammonia  in  streams  must  therefore  be  governed  lai^ely  by  the 
population  on  the  drainage  area,  the  amount  of  sewage  flowing  into 
the  stream  and  the  height  of  water  at  the  time  of  taking  the  sample. 

Kitrogen  as  Nitrates  and  Nitrites. — The  oxidation  of  ammonia 
which  goes  on  in  natural  waters  under  the  influence  of  micro- 
organisms results  in  the  conversion  of  all  of  the  hydrogen  into 
water  and  the  nitrogen  into  nitric  acid,  which  combines  with  soda, 
potash  or  lime  in  the  water.  Intermediate  between  the  ammonia 
and  nitric  acid  is  nitrous  acid,  a  lower  state  of  oxidation  through 
which  (presumably)  the  nitrogen  must  pass  before  it  attains  its 
highest  stage  of  oxidation  in  nitric  acid.  The  combinations  of 
nitrous  acid  with  bases  are  called  nitrites ;  those  of  nitric  acid  with 
bases,  nitrates. 

The  significance  of  the  nitrates  in  water  is  primarily  this,  namely, 
the  complete  mineralization  of  the  organic  matter  of  which  this  nitro- 
gen was  a  part.  The  inference  may  seem  justified  that  the  danger 
from  organic  contamination  is  past  when  the  organic  matter  has  ceased 
to  exist.  This  is  obviously  the  case  if  the  organic  matter  itself  is  the 
source  of  the  danger.     But,  in  those  cases  in  which  we  have  reason 
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to  suspect  the  pi^esence  of  disease  germs  apait  from  the  organic 
contamination  of  the  water,  there  is  no  necessary  connection  between 
the  oxidation  of  the  organic  matter  and  the  death  of  the  dis- 
ease germs.  To  decide,  therefore,  whether  the  nitrates  in  a  water 
indicate  danger  we  must  know  the  origin  of  this  nitrogen.  The 
nitrates  in  normal  waters  represent  simply  one  stage  of  the  cycle  of 
change  of  nitrogenous  matter ;  the  nitrogen  we  find  as  nitmtes  was, 
it  may  be,  a  few  hours  before  in  organized  matter  and  a  few  hours 
later  may  be  again  a  part  of  a  living  organism.  It  is  as  much  a 
source  of  life  as  a  product  of  decay.  The  total  nitrogen  of  a  body  of 
normal  surface  water  is  distributed  differently  at  different  times ;  at 
one  season  it  is  mainly  in  the  form  of  organic  nitrogen,  at  another  it 
may  be  in  the  form  of  ammonia,  and  again  at  another  in  the  form  of 
nitrates.  If  we  leave  out  of  consideration  those  exceptional  cases 
where  decomposition  goes  on  at  great  depth  with  insufficient  oxygen, 
we  do  not  certainly  know  whether  the  condition  of  the  nitrogen  in  a 
normal  water  has  any  sanitary  significance.  Still  we  are  probably 
right  in  supposing  that  the  two  extremes  —  namely,  nitrogen  in  a 
stable  organic  condition  and  nitrogen  as  nitrates — are  the  most  favor- 
able sanitary  conditions,  and  that  the  intermediate  stages — namely, 
ammonia  and  nitrites,  representing  the  condition  of  change  of 
organic  matter  —  are  less  favorable,  since  they  indicate  the  presence 
of  the  active  agents  of  this  change  and  also  perhaps  the  accumulation 
of  the  products  of  decay. 

Let  us  suppose  that,  in  the  sewage  which  flows  into  a  stream,  we 
have,  besides  much  decomposing  animal  matter,  the  bacteria  of  a 
specific  disease.  The  water,  when  freshly  contaminated  with  this 
sewage,  gives  evidence,  in  the  free  ammonia,  of  recent  pollution,  and 
we  may  then  reasonably  suppose  that  there  would  be  great  danger 
in  drinking  the  water.  After  many  miles  of  flow  of  the  stream,  the 
free  ammonia  will  perhaps  have  disappeared  and  the  water  will 
show  an  increase  of  nitrates  from  its  oxidation.  The  specific  germs 
have  had  (probably)  nothing  to  do  with  these  changes  and  the  only 
bearing  that  chemical  analysis  has  on  their  presence  or  absence  in 
the  water  is  the  indication  it  afibrds  of  the  time  that  has  elapsed 
since  the  sewage  entered  the  stream  and  the  amount  of  dilution. 

**  Previous  sewage  contamination,"  a  term  proposed  by  Frank- 
land,  expresses  well  the  significance  of  the  nitrates  in  such  a  case ; 
but   the  extension  of  this   idea,  namely,  that  <<once  polluted   is 
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always  polluted"  ia  not  tine  chemically,  nor  is  it  probably  true  ia  | 
a  sanitary  sense.     Still  tbe  time  required  for  the  chemical  changes 
involved  in  the  oxidation  of  the  nitrogenous  matter  of  the  sewa; 
or  its  absorption  by  growing  plants  is  not  inconsiderable,  and  v 
have  no  meana  of  knowing  with  certainty  in  surfaoe  waters  when   , 
tUey  are  complete. 

The  amount  of  nitrogen  in  the  form  of  nitrates  in  normal  sur&ce  ' 
waters  is  not  usually  great,  but  it  is  seldom  that  nitrates  are  cc 
pletely  absent.  The  average  amount  of  nitrogen  as  nitrates  in  any 
water  is  almost  always  greater  than  that  present  as  free  ammonia, 
but  there  is  no  constant  relation  between  the  nitrogen  in  the  two 
conditions. 

In  the  accompanying  table  may  be  seen  the  average  nitrogen  as 
nitrates  and  nitrites  in  the  same  waters  and  in  the  same  ordei 
which  tbe  free  ammonia  was  given,  on  page  551.  It  will  be  noticed  ' 
that  the  order  of  increasing  nitrates  is  not  the  same  as  for  the  free  I 
ammonia  in  these  waters,  although  the  lower  members  on  the  list,.  | 
which  include  the  waters  which  are  more  or  less  contaminated  by  I 
house  drainage,  are  noticeably  higher  in  nitrates  than  the  normal  | 
waters. 
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Nitrogen  as  Nitrates  and  Nitrites  in  Surface  Waters,  Averages, 

[ParU  per  IOO,O0O.J 
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SOURCE  OF  WATER. 
rONI>S  AND  RESERVOIRS. 

m 

Uii 

Six    Colder 
Mob.,  Novem- 
ber to  ApriL 

Fall  River,  Watuppa  Lake,  .... 

.0056 

.0042 

.0066 

.00013 

.00005 

.00021 

Fltchbnrg,  Scott  Reservoir,  .... 

.0084 

.0020 

.0047 

.00014 

.00010 

.00017 

Marlborough,  Lake  Wllliama,      . 

.0053 

.0024 

.0081 

.00012 

.00007 

.00018 

Maiden,  Spot  Pond, 

.OOU 

.0035 

.0055 

.00015 

.00007 

.00028 

Danvera,  Mlddleton  Pond,    .... 

.0049 

.OOM 

.0053 

.00010 

.00008 

.00012 

Worceater,  Tatnuck  Brook  Reservoir, 

.0038 

.0031 

.0046 

.00011 

.00008 

.00015 

Cblcopee,  T>lngle  Brook  R«a«rvolr,     . 

.0138 

.0072 

.0208 

.00024 

.00020 

.00027 

Fltchburg,  Overlook  Reaervolr,   . 

.0041 

.0090 

.0062 

.00013 

.00008 

.00017 

Hudson,  Oatea  Pond, 

.005« 

.0036 

.0076 

.00009 

.00013 

.00005 

New  Bedford,  Acushnet  Reservoir,     . 

.0150 

.0130 

.0172 

.00016 

.00015 

.00017 

Salem,  Wenham  Lake 

.0047 

.0085 

.0070 

.00012 

.00010 

.00015 

Lynn,  Breed's  Pond, 

.0OA2 

.0021 

.0062 

.00019 

.00015 

.00022 

Springfield,  Ludlow  Reservoir,    . 

.0039 

.0029 

.0048 

.00021 

.00018 

.00025 

Lynn,  Birch  Pond, 

.0005 

.0035 

.0002 

.00016 

.00015 

.00018 

Montague,  Lake  Pleasant,     .... 

.OOM 

.0027 

.0098 

.00004 

.0000-2 

.00007 

Easthampton  Reservoir,        .... 

.0140 

.0078 

.0191 

.00022 

.00017 

.00027 

Brockton,  Salisbury  Brook  Reservoir, 

.0058 

.0040 

.0078 

.00012 

.00010 

.00013 

Winchester,  Storage  Reservoir,   . 

.0104 

.0070 

.0140 

.00032 

.00030 

.00033 

Worcester,  Lynde  Brook  Reservoir,   . 

.0062 

.0044 

.0078 

.00018 

.00018 

.00023 

Natick,  Dug  Pond, 

.0238 

.0104 

.0315 

.00042 

.00035 

.00048 

Cambridge,  Fresh  Pond,       .... 

.0281 

.0262 

.0301 

.00072 

.00066 

.00079 

Wobnm,  Ilom  Pond 

.0452 

.0200 

.0704 

.0C132 

.00098 

.00166 

Boston,  Jamaica  Pond, 

.0100 

.0048 

.0263 

.00034 

.00023 

.00035 

Mystic  Lake 

.0490 

.0292 

.0703 

.00162 

.00175 

.00150 

Averages, 

.0128 

.0072 

.0167 

.00031 

.00027 

.00035 

As  ia  the  case  of  free  ammonia,  a  decided  difference  between  the 
warmer  and  colder  months  of  the  year  is  noticed  in  the  amount  of 
the  nitrates.  Here,  again,  we  think  we  make  no  mistake  in  ex- 
plaining the  lower  nitrates  in  warm  weather  by  the  more  abundant 
vegetation.  This  explanation  has  the  support  of  actual  experiment 
in  the  laboratory,  where  growing  algae  have  been  placed  in  water 
with  known  contents  of  nitrates,  with  the  result  that  the  growing 
plants  have  absorbed  the  nitrates  almost  completely. 
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This  may  l)e  also  observed  on  a  large  scale  in  those  cases  whera 
a  ground  water  with  abundant  uitrates  is  exposed  to  air  and  light  in 
oj^n  reservoirs.  Under  these  conditions  there  is  generallj-  a  rapid 
development  of  vegetable  organisms,  and  analysis  shows  that  this 
growth  is  supported  by  the  nitrates  in  the  water,  which  disappear 
in  proportion  as  the  organisms  increase.  Interesting  instances  of 
this  may  he  found  in  the  records  of  analyses  in  the  preceding 
pages  of  ground  waters  in  their  natural  condition  and  after 
exposure  in  open  resei-voirs,  wheie  it  will  be  seen  that  the 
nitrates  in  the  reservoir  are  lower  than  in  the  water  as  it  exists 
in  the  ground,  and  that  the  albuminoid  ammonia  is  higher,  owing 
to  this  vegetable  growth." 

The  alga;  which  thrive  in  this  ground  water,  when  exposed  to  the 
air  and  light,  often  impait  to  the  water  a  strong  odor,  which  is 
sometimes  so  repellent  as  to  make  the  water  unfit  for  drinking. 
Fortunately  there  is  a  simple  remedy  to  prevent  the  growth  of  the 
alga;,  namely,  the  protection  of  the  water  from  light  by  covering 
the  reservoir.  In  the  high-service  tank  of  the  Brookline  Water 
Works  this  has  been  done,  with  the  result  that  the  water  is  pre- 
served in  its  original  condition.  This  may  be  seen  by  comparing 
the  analyses  of  the  water  as  pumped  from  the  Slter-gallery,  »a 
supplied  from  this  tank  and  as  supplied  from  the  lovr-service  open 
resen'oir  (see  pages  81— 84).f 

Experiments  have  also  been  made  with  the  ground  water  supply 
of  Hyde  Park,  by  protecting  the  water  in  the  gate  house  from  the 
light.  It  was  found  that,  while  in  the  water  in  the  open  reservoir 
there  was  abundant  growth  of  algre  with  nearly  complete  exhaustion 
of  the  nitrates,  the  water  in  the  gate  bouse  was  practically  un- 
changed. A  covered  tank  is  now  being  built  by  the  Hyde  Park 
Water  Company  to  replace  the  open  reservoir. 

The  intermediate  condition  of  oxidation  between  ammonia  and 
nitric  acid,  namely  nitrous  acid,  is  not  usually  present  in  surface 
waters  to  any  large  extent.  In  looking  over  the  foregoing  table,  it 
will  be  noticed  that  the  average  amount  of  nitrogen  in  the  form  of 
nitrites  for  one  year  in  the  twenty-four  waters  is  only  .00031  parts 
per  100,000. 


1889.]         WATER  SUPPLY  AND  SEWERAGE.  561 

The  extremes »  however,  are  very  far  apart;  the  lowest  being 
.00004  parts  per  100,000  in  the  water  of  Lake  Pleasant  and  the 
highest  .00162  in  the  water  of  Mystic  Lake,  a  relation  of  1  to  40. 
In  this  respect  the  nitrites  resemble  the  free  ammonia,  which  in  this 
set  of  twenty-four  waters  varies  widely.  Thus  the  lowest  free 
ammonia  is  .0005  for  Watuppa  Lake  and  the  highest  .0235  for 
Mystic  Lake,  or  1  to  47.  In  contrast  to  this  wide  variation  of  the 
nitrites  and  ammonia  is  the  more  limited  range  of  the  nitrates, 
which  vary  from  .0034  in  the  water  ojf  Scott  Eeservoir  in  Fitchburg 
to  .0496  in  Mystic  Lake,  or  as  1  to  15. 

Notwithstanding  the  very  small  amount  of  nitrogen  as  nitrites  in 
surface  waters,  even  those  which  are  considerably  polluted,  its 
presence  is  of  great  significance.  It  will  be  seen  from  the  table  that 
only  four  of  the  waters  have  an  average  contents  of  nitrogen  as 
nitrites  over  .0004,  and  these  are  known  to  receive,  directly  or 
indirectly,  considerable  drainage  ;  and  the  two  waters  which  are  over 
.0010,  namely,  Horn  Pond  and  Mystic  Lake,  receive  sewage  directly 
in  considerable  quantities. 

The  difference  between  the  warmer  and  the  colder  months  is  not, 
as  a  rule,  so  marked  in  the  case  of  nitrites  as  in  that  of  nitrates 
and  free  ammonia;- the  significance  of  the  nitrites  as  an  index 
of  pollution  is,  therefore,  less  dependent  on  the  season  of  the  year. 

When  we  speak  of  a  water  having  **high"  nitrites,  we  have  in 
mind  the  general  low  contents  of  nitrites  in  surface  waters.  The 
actual  amount  which  would  be  called  **  high"  in  this  case  might  be 
low  if  applied  to  ammonia  or  to  nitrates.  Thus  .0010  parts  in 
100,000  of  nitrogen  as  ammonia  we  would  call  **  low;"  a^s  nitrites  it 
would  be  **  high,"  as  nitrates  **  very  low." 

High  free  ammonia  and  high  nitrites  together  are  characteristic  of 
recent  pollution,  and  when  they  are  uniformly  high  in  a  surface 
water  they  point  to  continuous  pollution.  In  connection  with 
chlorine  above  the  normal  they  afford  complete  proof  of  sewage  con- 
tamin:ition.  When,  however,  the  chlorine  is  not  much  above  the 
normal  in  waters  which  show  high  free  ammonia  and  nitrites,  the 
inference  to  be  drawn  from  these  products  of  decomposition  is  that 
we  have  to  do  with  pollution  from  farm  yards  or  from  manured 
fields  ;  a  distinction  which  it  is  frequently  very  important  to  make. 

On  the  maps  of  the  Hoosac,  Housatonic  and  Nashua  rivers  (pages 
423,  431,  472)  are  given  the  results  of  special  examinations  of  the 
water  of  these  streams  below  points  of  known  pollution  by  sewage. 
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Within  the  eqaares  are  figures  representing  the  free  ammonia, 
chlorine,  and  nitrogen  as  nitrites  at  different  points  on  tbe^e  rivers. 
In  every  case  of  recent  pollution  by  sewage  in  these  streams  the 
increase  of  ail  three  of  these  subHtancea  is  noted;  and  their  sub- 
Bequent  decrease,  at  points  lower  down  in  the  stream,  is  owing  to 
dilution  and  to  the  further  oxidation  of  the  nitrogen  to  nitrates. 

In  the  waters  of  Horn  Pond  and  Mystic  Lake  we  have  (pages  369 
and  59)  instances  of  continuous  animal  pollution  from  the  extensive 
tanneries  and  from  the  drainage  of  a  large  population  in  the  Mystic 
valley.  An  extreme  case  is  found  in  the  water  of  Stacy's  Brook  in 
Swumpscott, — a  stream  continuously  and  badly  polluted  by  bouse 
drainage,  —  in  which  the  average  nitrogen  as  nitrites  for  eighteen 
months  was  .0069  parts  per  100,000,  varying  from  .0012  to  .0200. 

In  the  foregoing  discussion  we  have  assumed  the  nitrogen  present 
in  water  to  have  its  source  in  auimal  and  vegetable  life  ;  that  is  to 
say,  we  have  assumed  the  sanitary  significance  of  this  nitrogen  to  be 
in  some  way  connected  with  organisms  and  the  products  of  their 
decomposition.  There  is  another  direct  source  of  this  nitrogen, 
namely,  the  ammonia  and  nitrates  in  the  rain.  Rain  water  always 
contains  free  ammonia,  that  falHng  in  cities  containing  more  usually 
than  that  which  falls  in  the  open  country. 

Following  are  some  analyses  of  rain  from  different  localities  :  — 

Analyses  of  Rain  Waier. 

[I'nni  iMr  lOI/iM.] 


AXXON.^. 

SrT>aa».. 

Chb- 

F«. 

liHSId. 

NitBttt 

KllrJtH. 

""■ 

Jnly    1.  :     . 

KonhADdoTEr 

.CMI 

.OOM 

.OOTO 

.0000 

Sep..  IS,  .       . 

SorthAndof.r 

.OOIB 

.MM 

.«*) 

.0000 

Sev\.i\.  .       . 

Lawrenia 

.OWS 

.mi 

.DOW 

.0000 

.001 

Oou    S,   .        . 

Lnwrmc^ 

.U14 

.0100 

.0000 

- 

Ndv.ST.   .        . 

.01H 

.0011 

.OOM 

.0001 

.M) 

M.r "!"."     . 

I.»wreace 

.ows 

.DOM 

.«B0 

,0001 

.070 

JlUHlT.     .          . 

J»niiile»Fl»ln,  Borton, 

.OSM 

-OIBJ 

.0190 

,ODM 

.130 

lUt.ar*.'    . 

x.w,o.m,hi^ 

..,„ 

.DKU 

.»« 

.», 

.000 

D«.  20,    .         . 

«"""'«—) 

.ima 

-out 

... 

- 

- 

1889.]  WATER  SUPPLY  AND   SEWE&AGE.  563 

Warrington  gives  the  average  amount  of  ammonia  in  the  monthly 
rainfall  at  Rothamstead  in  England  as  0.0425  part  per  100,000,  which 
is  equal  to  2.4  pounds  of  nitrogen  on  the  acre  with  a  rainfall  of  30.22 
inches.  The  amount  of  organic  and  nitric  nitrogen  in  rain  is  not 
insignificant,  but  it  seldom  equals  that  in  the  form  of  ammonia. 

When  rain,  particularly  that  first  falling,  is  collected  in  a  clean  glass 
bottle,  it  is  seen  to  be  quite  dirty.  In  cities  where  the  air  is  full  of 
soot  this  is  very  marked,  but  even  in  the  open  country  the  floating 
matter  in  the  atmosphere  is  considerable.  At  the  close  of  a  pro- 
tracted rain,  the  water  may  be  nearly  or  quite  clear,  since  the  air  has 
theti  been  washed  clean ;  and  the  ammonia  is  also  less  than  at  the 
beginning  of  the  rainfall.  A  part  of  the  ammonia  in  the  rain  water 
has  its  origin  in  the  direct  formation  of  ammonia  from  the  nitrogen 
of  the  air  and  the  hydrogen  of  the  watery  vapor,  but  its  main 
source  is  undoubtedly  in  animal  exhalations,  fine  particles  of  organic 
dust,  gaseous  products  of  decay,  etc. 

Although  the  amount  of  ammonia  in  rain  water  is  ojften  quite 
large,  yet  the  effect  of  any  one  rainfall  on  the  amount  of  the 
ammonia  in  large  bodies  of  water  is  scarcely  noticeable.  In  the 
case  of  streams  the  effect  of  heavy  rains  in  washing  the  banks  and 
stirring  up  the  bottoms  would  probably  influence  the  amount  of 
ammonia  in  the  water  more  than  the  ammonia  contained  in  the 
rain  itself.  In  the  rapid  melting  of  large  bodies  of  snow  during  the 
spring  it  is  not  unlikely  that  the  ammonia  thus  contributed  to 
streams  and  ponds  may  be  appreciable.  But  on  this  point  wo  lack 
experimental  data. 

Ruin  water  stored  in  cool  under-ground  cisterns  protected  from 
the  light  often  preserves  its  high  free  ammonia.  In  such  cases  we 
must  assume  the  absence  of  active  nitrifying  conditions.  Practice 
differs  in  different  places  in  the  collection  and  storage  of  rain  water. 
In  some  places  it  is  merely  allowed  to  settle  and  (after  a  so-called 
period  of  **  fermentation,"  in  which  process  the  organic  matter  is 
oxidized)  to  come  to  a  stable  condition.  In  others  the  water  is 
filtered  through  a  fine  porous  material  such  as  brick.  In  Lny  case 
the  first  portion  of  the  rainfall  should  run  to  waste,  since  it  not 
only  contains  the  dirt  in  the  atmosphere  but  also  that  on  the  col- 
lecting surfaces.  Rain  water  collected  from  clean  surfaces  carefully 
stored  and  protected  from  access  of  surface  and  ground  water  is 
believed  to  be  one  of  the  most  wholesome  of  water  supplies.  We 
do  not,  therefore,  attach  the  same  importance  to  the  presence  of  free 
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ammonia  in  rain  water  that  we  do  in  tbo  caae  of  surface  and  ground 
waters.  If  disease  germs  should  be  in  the  air,  it  is  probable  that  they 
would  also  be  in  the  collected  rain  ;  but  of  this  mode  of  the  causation 
of  disease  it  cannot  be  said  that  we  have  as  yet  any  CTidenee. 

Ute  Residue  of  Evaporation.  — The  amount  of  dissolved  mineral 
matter  in  normal  waters  depends  on  the  cbaracter  of  the  rocks  and 
sods  opcr  and  through  which  the  waters  flow,  and  also  on  the  time  of 
contact  with  the  rocks.  Silicious  rocks  are  attacked  very  slightly 
by  natural  waters,  but  the  limestones,  both  pure  and  niagnesian,  are 
dissolved  ijuite  readily,  the  lime  and  magnesia  going  into  solution 
as  bicarbonates.  The  older  rocks  and  drift  in  Massachusetts  are 
mainly  silicious  and  give  up  very  little  mineral  matter  to  the  rain 
that  flows  over  them  and  percolates  through  them.  In  the  eastern 
and  central  part  of  the  State  the  fixed  solids  of  the  normal  surface 
waters  arc  very  low,  seldom  reaching  4  parts  per  100,000  (or  2.34 
grains  per  gallon)  and  in  many  cases  not  half  this  amount.  In  the 
limestone  formations,  in  the  western  part  of  the  State,  the  fixed 
solids  are  somewhat  higher,  but  they  seldom  exceed  5  or  6  parts 
per  100,000  in  normal  waters. 

The  hardness  of  a  water  depends  on  the  amount  of  dissolved  lime 
and  magnesia,  which  (particularly  the  lime)  have  the  property  of 
making  a  curd  with  snap  and  preventing  the  formation  of  a  lather 
until  all  the  lime  and  magnesia  have  entered  into  combination  with 
the  fat  acids  of  the  soap.  It  will  be  seen  in  the  tabulated  results  of 
analyses  of  the  waters  of  the  State  that  most  of  the  noimal  surface 
waters  have  a  hardness  under  2,  and  many  under  1.  Some  of  the 
hardest  of  the  normal  waters  are  as  follows  :  — 

Mobnwk  Lnke,  Stockbridge, 11.5 

I>ry  Brook  Storage  Reservoir,  Adaiua, fi.l 

Tannery  Brook,  Holyoke, 4,0 

Distributing  Reaervotr.  Lenox, 3.4 

Glen  Brook  Storage  Reservoir,  Greenfield,        ....  2.6 

—  all  in  the  western  part  of  the  State.  With  the  exception  of  the 
first  mentioned  these  waters  would  all  be  considered  soft  in  com- 
parison with  the  water  supplies  of  many  States,  where,  as  in  central 
New  York,  Michigan  and  Wisconsin,  there  are  extensive  limestone 
and  gj'psum  formations. 

Surface  waters  which  receive  the  drainage  of  regions  with  large 
population  contain  more   dissolved  mineral  matter  than  the  normal 
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waters  of  the  locality.  In  the  analysis  of  sewage  given  on  page  538 
it  will  be  seen  that  the  fixed  solids  in  solution  are  23.53  parts  per 
100,000,  which  is  much  higher  than  is  found  in  any  of  the  surface 
waters  of  the  State.  The  effect  of  even  a  comparatively  small 
amount  of  sewage  or  house  drainage  is  consequently  noticeable  in 
the  increase  of  the  mineral  contents  of  the  streams.  Thus  the 
normal  fixed  solids  of  the  Sudbury  River  are  represented  probably 
by  Reservoir  No.  4  in  Ashland,  namely,  2.39  parts  per  100,000 
(average  of  three  depths),  with  a  hardness  of  1.3.  Stony  Brook, 
which  supplies  Reservoir  No.  3,  receives  a  good  deal  of  drainage, 
directly  and  indirectly,  from  the  considerable  population  on  its 
drainage  area,  and  we  find  its  fixed  solids  to  be  4.73,  with  a  hard- 
ness of  1.8.  Instances  of  still  more  marked  pollution  in  another 
drainage  area  are  Horn  Pond  and  Mystic  Lake,  in  which  the  fixed 
solids  are  10.87  and  9.09  respectively,  with  hardness  of  3.1  and  3.4. 

The  question  of  the  sanitary  importance  of  dissolved  mineral 
matter  in  surface  waters  is  one  of  which  but  little  need  be  said.  In 
this  State  the  amount  is,  in  all  the  water  supplies,  much  less  than 
that  contained  in  many  approved  water  supplies  in  other  parts  of 
the  world.  A  comparison  of  the  death  rates  of  cities  in  England 
based  on  the  use  of  soft  and  hard  drinking  waters  did  not  point  to 
any  essential  difference.  It  has  been  claimed  by  some  that  the  use 
of  hard  waters  is  advantageous  by  reason  of  the  lime  they  contain, 
but  this  notion  seems  rather  fanciful  when  we  reflect  what  a  small 
contribution  to  the  formation  of  bones  the  use  of  a  moderately  hard 
water  would  be. 

The  **loss  on  ignition**  of  the  solid  residue  on  evaporation  of 
surface  waters,  when  the  operation  is  performed  as  described  in  the 
*<  Methods  of  Analysis,"  gives  a  close  approximation  to  the  total 
organic  matter  in  the  water  irrespective  of  its  character.  We  attach 
comparatively  little  significance  to  this  determination  from  a  sanitary 
point  of  view,  since  we  get  from  it  but  little  light  on  the  nature  of 
the  organic  matter  present.  The  behavior  on  ignition  is  how- 
ever somewhat  significant.  Thus  swampy  waters  give  a  brown 
residue  on  evaporation  to  dryness,  which  blackens  or  chars  on 
ignition,  and  this  black  substance  bums  off  quite  slowly.  The 
odor  of  the  charring  is  peaty,  or  like  charring  wood ;  sometimes 
sweetish,  but  not  offensive.  Waters  much  polluted  by  sewage 
blacken  slightly,  the  black  particles  bum  off  quickly  and  the  odor 
is  disagreeable.     Taken  by  themselves  the  results  of  the  ignition  of 
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the  solid  residue  are  not  decisive  of  the  character  of  the  water,  hut 
they  are  useful  as  supplementing  and  confirming  the  results  of  the 
nitrogen  determinatious. 

Turbidihj  and  Sedimeni. — A  careful  inspection  of  waters  in  a 
large  white  glass  liottle  will  reveal,  even  to  the  unaided  eye,  the 
general  character  of  the  suspended  matters  in  the  water.  Many  of 
the  vegetable  and  animal  organisms  usually  called  microscopic  can 
be,  recognized  by  the  trained  observer.  But  auy  one  can  with  a 
little  experience  distinguish  the  larger  organisms,  the  docculent 
debris  of  organic  matter,  the  milkinp,as  that  comes  from  clay  and 
that  which  comes  from  sewage,  and  the  earthy  sediment.  In  some 
cases  we  may  be  able  to  draw  important  conclusions  from  the  inspec- 
tion alone,  but  it  is  mainly  valuable  when  taken  in  connection  with 
the  chemical  analysis  of  the  filtered  and  unfiltered  water  and  supple- 
mented by  a  thorough  microscopical  examination. 

The  sanitary  significance  of  the  presence  of  living  organisms  in 
the  water  rests  chiefly  on  the  fact  that,  when  an  organism  is  manifestly 
thriving  in  a  water,  there  must  lie  present  an  abundant  and  appro- 
priate food  supply.  Thus  the  presence  of  green  aL<iie  indicates  that 
there  is  food  for  them  in  the  mineral  constituents  of  the  water  (inclad- 
ing  ammonia  and  nitrates),  white  certain  infusoria  which  do  duty  as 
scavengers  in  water  point  to  the  existence  of  organic  matter  under- 
going decay.  But  this  subject  belongs  properly  to  the  biologist,  and 
need  not  be  further  discussrd  here. 

Color. — The  color  we  observe  in  surface  waters  is  derived  from 
leaves  and  grasses  and  peat.  Long  contact  of  the  water  with  the 
vegetation  of  swamps  gives  it  a  deep  yeUo wish-brown  color.  It  has 
already  been  mentioned  that  this  coloring  matter,  which  contains 
considerable  nitrogen,  is  remarkably  permanent;  that  is  to  say,  it 
has  liut  little  tendency  to  oxidize  under  ordinary  conditions, 

There  is  a  general  correspondence  between  the  depth  of  color  and 
the  amount  of  dissolved  organic  nitrogen  in  the  water;  or,  in  other 
words,  the  amount  of  albuminoid  auunoma  increases,  generally,  with 
the  depth  of  the  color.  There  are,  however,  many  exceptions  to 
the  rule,  which  the  following  experiments  on  leaves  and  peat  may 
perhaps  serve  to  explain.  By  treating  fresh,  clean  autumn  leaves  - 
with  distilled  water,  it  was  found  that  the  first  extract  (which  is 
rather  more  yellow  and  less  brown)  was  much  more  highly  nitro- 
genous for  the  same  depth  of  color  than  those  made  by  subsequent 
treatments  with  water.     Different  leaves,  —  as  maple,  oak  and  elm. 
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—  it  was  also  founds  give  to  water  by  identical  treatment  different 
degrees  of  color  and  albuminoid  ammonia.  Old  peat  yields  to 
water  much  less  nitrogenous  matter  in  proportion  to  the  color  than 
do  the  fresh  leaves. 

The  nitrogenous  character  of  this  brown  coloring  matter  may  be 
shown  by  treatment  of  the  water  with  hydrate  of  alumina,  which 
combines  with  the  coloring  matter  and  gives  a  colorless  water  when 
the  alumina  settles  or  is  filtered  out.  The  following  table  gives  a 
summary  of  the  results  of  analyses  of  these  artificial  solutions  of 
coloring  matters  and  also  of  some  natural  waters :  — 


EekUion  of  Color  to  Albuminoid  Ammonia. 


Color. 


Alba- 

mloold 

Ammonlii. 
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with  water, 
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78.7 
70.8 
70.3 

76.0 
81.8 
88.6 
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Odor.  — Pure  water  is  odorless ;  consequently  waters  which  have 
a  perceptible  odor  are  not  acceptable  for  drinking.  Except  in  cases 
where  the  odor  is  very  feint  it  does  not  require  any  special  appar- 
atus, skill,  or  experience  to  detect  an  odor  in  water ;  hence  the 
judgment  of  one  is  as  good  as  another  in  this  respect.  But,  in 
drawing  inferences  as  to  the  origin  and  significance  of  an  odor,  the 
judgment  may  go  very  far  astray. 

Most  normal  surface  waters  in  Massachusetts,  particularly  those 
which  are  colored,  have  a  perceptible  odor  when  examined  in  the 
way  described  under  the  **  Methods  of  Analysis."  This  odor  may 
be  said,  in  general,  to  be  vegetable  —  swampy,  marshy,  pond-like, 
grassy ;  and  it  is  often  persistent  when  the  water  is  heated. 

When  the  odor  which  we  perceive  in  a  natural  water  is  due  to 
dissolved  gases,  the  odor  will  disappear  when  the  water  is  boiled. 
If  water  does  not  contain  any  organic  matter  capable  of  gener- 
ating more  of  the  same  gases,  then  the  odor  is  removed  by  boilia^ 
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once  for  all ;  but,  if  di33olved  or  suspended  matter  in  the  water  is 
the  source  of  the  odor,  then  it  may  develop  again  in  time.  FollowiDg 
is  an  interesting  experiment  bearing  on  this  point.  Many  waters 
with  abundant  growth  of  algie  have  a  decided  vegetable  or  grassy 
odor  which  is  intensified  by  long  continued  boiling.  If  in  such 
waters  the  algie  be  filtered  out  before  the  water  ia  heated,  there  will 
be  absolutely  no  odor  when  the  water  is  brought  to  a  boil.  In  such 
a  ease  it  la  clear  that  the  suspended  algie  are  the  source  of  the 
odor,  and  the  fact  that  the  enmc  odorous  products  can  be  distilled 
out  by  long  continued  heating  seems  to  point  to  the  fact  that  the 
odor  is  inherent  in  the  organisma  themselves. 

This  distinction  between  the  odor  cold  and  hot  —  between  the  odor 
which  exists  ready  formed  in  water  and  that  which  it  ia  capable  of 
developing  when  heated  —  may  sometimes  lead  to  valuable  results  in 
investigating  the  nature  and  condition  of  the  organic  matter  in 
solution  and  in  suspension  in  the  water. 

Many  normal  waters  have  at  times  pronounced  disagreeable  odors  ; 
this  condition  is  popularly  referred  to  decay  of  some  kind  going  on  in 
the  water.  On  this  point  there  is  a  difference  of  opinion  among  water 
annlysta  and  biologists. 

The  writer  has  been  disposed  to  regard  these  odors  as  frequently, 
if  not  generally,  the  odors  of  the  organisms  themselves  rather  than 
the  result  of  their  decay.  This  has  seemed  to  him  probable,  first, 
because  the  odors  are  not  usually  of  a  kind  that  (to  him)  suggest 
decay;  second,  because  the  odor  is  frequently  persistent  on  long 
continued  heating  of  the  water,  indicating  that  the  odor  was  being 
distilled  out  of  the  organisms  ;  and,  third,  because  of  the  absence  of 
free  ammonia  —  one  of  the  first  oroducts  of  decay —  in  many  cases 
where  the  odor  is  very  strong. 

It  is  not  unusual  to  have  an  odor  described  by  different  per- 
sons in  different  ways.  The  odor  which  often  accompanies  an 
abundant  development  of  diatoms  affords  a  good  illustration.  It 
will  be  called  offensive,  rotten,  fishy,  geranium-like,  aromatic,  in 
one  and  the  same  sample  of  water.  For  those  who  find  the  odor 
offensive,  the  water  is  unfit  to  drink ;  to  those  who  merely  perceive 
a  slight  aromatic  odor,  the  water  ia  unobjectionable.  In  most  cases 
of  this  kind  there  ia  no  chemical  evidence  of  decay  going  on.  The 
argument  based  on  the  absence  of  products  of  decay  may  not  how- 
ever be  conclusive  when  we  consider  the  penetrating  character  of 
aome  odors :  that  is  to  say,  the  actual  amount  of  organic  matt«r  in 
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the  state  of  decay  may  be  so  small  as  to  be  inappreciable  to  chemical 
tests  and  yet  communicate  a  bad  odor  to  the  water. 

Some  odors  are  known  to  be  result  of  decay ;  for  instance,  the 
pig-pen  odor  comes  from  the  decay  of  the  jelly  of  the  blue-green 
algae,  and  the  bad  odor  of  the  Boston  water  in  1881  was  referred  by 
Professor  Remsen  to  the  decomposition  of  a  fresh-water  sponge. 

The  foul  condition  of  the  water  near  the  bottom  in  some  ponds 
and  reservoirs  has  already  been  alluded  to.  This  is  due  to  putre- 
faction of  organic  matter  when  there  is  little  or  no  dissolved  oxygen 
in  the  water.  But  it  is  not  odors  of  this  kind  which  we  now  have 
in  mind. 

Mr.  G.  H.  Parker,  in  his  **  Report  on  the  Organisms  in  the 
Waters,"  has  arrived  at  the  conclusion,  from  a  study  of  the  recorded 
odors  and  the  observed  organisms,  that  the  disagreeable  odors  are 
generally  the  evidence  of  the  decay  of  the  organisms.  It  is  unfor- 
tunate that  there  should  be  any  uncertainty  about  the  cause  and 
significance  of  these  odors,  for  it  immediately  concerns  the  well 
being  of  many  large  communities  dependent  on  surface  water  sup- 
plies. The  subject  is  under  investigation  by  engineers,  biologists, 
and  chemists  in  many  localities  with  the  hope  of  discovering  the 
causes  of  the  trouble  and  suggesting  remedies  for  relief. 

The  odor  that  comes  from  sewage  contamination  in  water  is 
very  different  from  that  class  of  odors  which  we  have  been  con- 
sidering. A  stream  badly  polluted  by  sewage,  such  as  the  Black- 
stone  at  Millbury,  has  more  or  less  the  odor  of  sewage  itself.  In 
more  dilute  condition  the  odor  is  musty,  both  cold  and  hot ;  this 
is  quite  characteristic.  But  it  must  not  be  supposed  that  the  sense 
of  smell  furnishes  us  with  a  delicate  test  for  the  detection  of  sewage 
contamination.  When  we  perceive  this  mustiness  even  faintly,  the 
water  is  generally  badly  polluted,  considered  from  the  standpoint  of 
a  drinking  water.  Still  greater  dilution  of  the  sewage  will  give  a 
mouldy  odor,  but  this  is  not  characteristic.  Many  normal  surface 
waters  acquire  a  mouldy  odor  on  standing,  and  the  odor  of  diatoms 
and  other  algae  is  by  some  called  mouldy. 

Ground  Waters. 

The  appearance  and  composition  of  ground  waters  are  so  radically 
different  from  surface  waters  that  they  cannot  be  judged  by  the 
same  standards.  Normal  surface  waters,  exposed  to  light  and  air, 
may  contain  organic  matter  in  considerable  quantity  both  in  solution 
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and  suspenaion,  m»y  be  deeply  colored  and  may  abound  in  living 
vegetable  and  animal  organisms.  Normal  ground  waters,  from  which 
light  is  excluded  and  to  which  air  may  have  scanty  or  no  access, 
should  have  no  color,  no  life,  no  suspended  matter  and  little  or  no 
organic  matter  in  solution. 

Surface  and  ground  waters  do  not  have  an  independent  existence  ; 
they  both  have  their  origin  in  rain  and  both  flow  towards  the  sea. 
Surface  waters,  when  they  percolate  into  the  soil  or  run  into  rock 
fissures,  become  ground  waters,  which  in  turn  feed  the  streams  and 
maintain  the  regularity  of  their  flow. 

But,  notwithstanding  this  interchange  of  position,  the  two  classes 
of  waters  are  sharply  distinguished  from  each  other,  a  change  of 
character  accompanying  a  change  to  or  from  the  surface.  Thus 
ponds  which  are  largely  fed  by  springs  and  receive  but  little  water 
from  the  surface  bear  evidence  of  their  sub-surface  origin  in  absence 
of  color  and  it  may  be  also  in  higher  mineral  contents,  but  they  will 
always  have  some  aquatic  life  as  the  result  of  exposure  to  light  and 
air.  On  the  other  hand,  surface  waters  which  filter  slowly  and  for 
a  considerable  distance  through  porous  soil  are  not  only  freed  from 
suspended  matter  but  their  organic  contents  are  destroyed  by  oxi- 
dation ;  and  colorless,  clear  and  odorless  water  is  the  result. 

The  soil  best  adapted  for  this  combined  process  of  filtration  and 
oxidation  is  one  of  considerable  porosity,  sandy  or  gravelly  in  char- 
acter, throughout  which  the  water  may  be  exposed  in  thin  layers  to 
the  oxidizing  action  of  the  air.  Too  coarse  and  too  fine  material 
are  alike  unfavorable ;  the  former  permits  too  rapid  flow  of  the 
water,  the  latter  does  not  give  sufficient  access  of  air.  In  open, 
seamy  rocks  water  may  descend  to  gi-eat  depths  with  little  or  no 
change  in  composition,  and  in  clayey  soils  filtration  is  very  slow  or 
impossible. 

The  oxidation  of  the  organic  matter  goes  on  most  actively  near 
the  surface  where  there  is  a  plentiful  supply  of  air,  and  where 
the  micro-organisms,  which  are  the  active  agents  of  the  change, 
are  most  abundant.  Some  distance  below  the  surface,  varying 
with  the  character  of  the  ground,  oxidation  ceases,  owing  to  absence 
of  air.  If  we  find  a  ground  water  with  dissolved  oi^anic  matter, 
or  ammonia,  or  nitrites,  we  know  that  it  must  have  been  originally 
surface  water  in  which,  owing  to  unfavorable  conditions,  the  oi^nic 
matter  has  failed  of  complete  oxidation.  If  this  water  is  from  great 
depths  and  free  from  oxygen  it  is  evident  that  further  purificution 
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by  oxidation  cannot  go  on.  In  such  a  case  the  water  may  have  a 
disagreeable  odor,  since  the  putrefaction  of  organic  matter  without 
oxygen,  or  with  but  a  very  limited  supply,  gives  rise  to  offensive 
hydrogen  compounds  which  are  not  noticeable  when  the  supply  of 
oxygen  is  abundant. 

A  wat^r  in  which  the  organic  matter  has  been  completely  oxidized 
in  percolating  through  the  soil  has  all  of  its  nitrogen  in  the  form  of 
nitrates.  The  amount  of  nitrates  in  a  ground  water  is,  therefore,  in 
some  degree  a  measure  of  the  nitrogenous  matter  which  the  water 
originally  contained  on  the  surface.  The  sources  of  the  nitrates  in 
the  ground  waters  of  uninhabited  regions  ai*e  mainly  the  ammonia 
in  the  rain  and  the  ammonia  resulting  from  the  decay  of  vegetable 
and  animal  matters  in  the  soil.  But  the  ground  water  docs  not 
contain  all  of  the  nitrogen  of  this  ammonia,  since  a  part  is  directly 
or  indirectly  converted  into  new  plant  life.  Vegetable  matter, 
moreover,  decays  but  slowly,  a  fact  favorable  to  the  absoq)tion 
of  nitrogen  by  plants  rather  than  to  its  passage  into  the  ground 
water  as  nitrates.  The  springs  and  wells  which  are  distant  from 
habitations  are  therefore,  as  we  might  expect,  uniformly  low  in 
nitrates  and  occasionally,  though  rarely,  they  contain  none  at  all. 
In  the  midst  of  a  thickly  settled  region  the  ground  water  is  almost 
always  high  in  nitrates  formed  from  the  ammonia  of  house  drainage. 
Hence  we  regard  this  determination  of  the  nitrogen  in  the  form  of 
nitrates  as  one  of  great  value  as  expressing  the  amount  of  previous 
pollution  in  the  water. 

It  is  impossible  to  give  a  dividing  line  between  normal  ground 
waters  and  those  which  have  been  polluted,  based  on  their  contents 
of  nitrates  alone,  nor  is  there  any  evidence  in  the  nitrates  themselves 
to  indicate  whether  they  had  a  vegetable  or  animal  origin.  We  have 
not,  as  yet,  been  able  to  discover  as  in  the  case  of  chlorine,  a 
**  normal"  for  nitrates  in  groundwaters. 

The  difference  between  summer  and  winter  in  the  nitrates  of  the 
ground  waters  of  this  State  is  scarcely  noticeable.  The  average  for 
the  colder  months  is  a  little  higher  than  for  the  warmer  months,  but 
the  difference  is  insignificant. 

In  the  following  table  is  given  the  average  composition  for  two 
years  of  some  of  the  public  water  supplies  of  the  State  drawn  from 
the  ground,  ari'anged  in  the  order  of  the  nitrates.  The  extremes,  it 
will  be  noticed,  are  widely  different,  and  one  need  not  be  in  doubt  as 
to  the  fact  that  those  at  the  beginning  of  the  list  are  normal,  and  that 
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H         those  at  the  end  contain  the  oxidized  products  of  the  organic  matter 
H         of  house  drainage.     In  cases  less  pronounced,  where  there  is  doabt 
^M          as  to  the  signiticance  of  the  nitrates,  the  amount  of  chlorine  will  enable 
H          us  to  decide ;  for,  although  the  investigations  in  this  direction  are 
H          not  yet  complete,  it  is  very  probable  that  in  this  State  the  ground 
H.        waters  have  the  same   normal   of  chlorine   as  the  waters  at  the 
H          surface. 

H               Some  of  the  waters  in  this  table  are  from  wells  or  filter-galleries 
■           alongside  of  rivers,  and  the  amount  of  nitrates  in  them  may  be 
H           influenced  by  the  direct  infiltration  of  river  water  without  oxida- 
H          tion.     In  such  cases  the  contents  of  nitrates  do  not  fairly  represent 
H          the  ground  water  of  the  locality  from  which  they  are  taken,  and 
H          they  show  also  higher  contents  of  albuminoid  ammonia  than  ts  usually 
H          the  case  in  ground  waters. 

H                                               Analyses  of  Ground  Waters,  Averages. 
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Analyses  of  Ground  Waters^  Averages — Concluded. 
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One  cannot  fail  in  examining  this  table  to  be  struck  with  the 
remarkable  completeness  of  the  oxidation  of  the  organic  matter  even 
in  those  waters  which  are  high  in  nitrates.  If  we  except  the  wells 
at  Attleborough,  Revere  and  Stoughton,  the  highest  average  free 
ammonia  is  .0012  and  the  highest  nitrogen  as  nitrites  .0003  parts 
per  100,000.  And  many  of  these  waters  are  repeatedly  found  to  be 
entirely  free  from  ammonia  and  nitrites. 

It  is  seldom »  however,  that  organic  nitrogen  (as  shown  by  the 
albuminoid  ammonia)  is  entirely  absent  even  in  the  best  spring  and 
well  waters.  This  is  also  the  case  with  the  effluents  from  the  purifi- 
cation of  sewage  by  intermittent  filtration.  There  is  almost  always 
a  small  amount  of  nitrogenous  organic  matter  remaining  even  whei*e 
the  oxidation  of  the  free  ammonia  is  continuously  and  for  long  periods 
complete.  The  organic  matter  which  exists  in  water  under  these 
circumstances  must  be  of  a  nature  that  resists  oxidation,  and  is  not 
likely,  therefore,  to  be  of  sanitary  importance.  In  speaking,  as 
we  shall  have  frequent  occasion  to  do,  of  the  complete  oxidation 
of  the  organic  matter  in  water  this  small  residue  of  albuminoid 
ammonia  is  ignored. 

The  nitrogen  as  nitrates  in  the  water  of  Stoughton  —  the  last  on 
the  list  —  far  exceeds  that  of  any  of  the  other  public  water  supplies 
of  the  State.  But  this  amount  is  often  exceeded  in  waters  of  wells 
in  closely  settled  villages  and  towns  where  an  amount  of  nitrogen 
as  nitrates  equal  to  4  or  5  parts  per  100,000  is  sometimes  met  with. 

The  experiments  on  the  purification  of  sewage  by  intermittent 
filtration  which  have  been  carried  on  at  Lawrence,  Mass.,  since  the 
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fall  of  1887,  under  the  direction  of  Mr.  Iliram  F.  Mills,  the  engi- 
neer member  of  the  Board  of  Health,  have  added  very  largely  to 
our  knowledge  of  the  conditions  under  which  the  oxidation  of 
nitrogenous  matter  goea  on  in  percolating  through  porous  ground, 
and  enable  us  to  interpret  more  intelligently  than  we  have  hitherto 
been  able  the  results  of  the  analysis  of  ground  waters.  Tlie  reader 
is  referred  to  the  second  volume  of  this  report  for  a  full  description 
by  Mr.  Mills  of  this  work  at  Lawrence.  For  our  present  purpose 
it  will  suffice  to  say  that,  when  sewage  filters  slowly  and  intermit- 
tently through  five  feet  of  porous  earth  or  sand,  an  etUuent  ia 
obtfliued  which  is  as  free  from  organic  matter,  from  ammonia  and 
from  nitrites,  as  many  a  natural  spring  water.  To  obtain  this  result, 
namely,  that  the  nitrogen  shall  be  completely  converted  into  nitrates, 
it  is  necessary  that  the  amount  of  sewage  shall  be  adjusted  to  the 
capacity  for  purification  of  the  filtering  material.  If  too  large  an 
amount  is  applied,  ive  have  the  evidence  in  the  presence  uf  the  free 
and  albuminoid  ammonia  and  the  nitrites  of  imperfect  purification; 
in  other  words,  the  oxidizing  agencies  at  work  in  the  sand  or  8oU 
have  been  overtaxed,  and  unoxidized  nitrogen  compounds  appear  in 
the  filtered  water. 

Two  facts  stand  out  prominently  among  the  results  of  these  filtn* 
tton  experiments,  namely,  the  short  distance  and  the  short  tbne 
which  suffice,  under  favorable  conditions,  in  open  porous  soil  for 
the  complete  oxidation  of  the  organic  matter  and  the  ammonia  of 
the  sewage,  and  the  definite  and  limited  capacity,  under  constant 
conditions,  which  each  soil  has  for  purification.  When  a  filter  of 
this  kind  is  working  to  its  maximum  capacity  it  is  a  very  sensitive 
instniment.  A  very  slight  change  of  the  conditions  under  which  it 
is  working  will  throw  it  out  of  adjustment,  and  an  impure  ofiluent 
will  result.  These  facts  have  an  important  and  obvious  bearing 
on  the  Urie  of  water  from  wells  wiuch  are  exposed  to  sources  of 
pollution. 

The  recorded  and  well  authenticated  cases  of  illness  resulting 
from  drinking  ground  watera  are  very  numerous  —  far  greater  in 
number  tlmn  those  which  can  with  certainty  bo  referred  to  the  use 
of  waters  of  streams  and  lakes.  Investigation  of  tliese  cases  shows 
almost  invariably  that  the  water  of  the  well  has  received  directly, 
or  indirectly  through  the  soil,  the  drainage  from  houses  or  cesa? 
pools.  All  wells  in  the  vicinity  of  houses  or  barns  are  more  or 
less  exposed  to  such  contamination,  and  it  ia  a  matter  of  the  firat 
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importance  to  know  how  far  the  infonnation  derived  from  a  chemi- 
cal analysis  will  enable  us  to  say  whether  or  not  a  well  water  can 
be  used  with  safety.  If  we  regarded  the  organic  matter,  or  the  pro- 
ducts of  its  decay,  as  the  sole  cause  of  danger,  then  we  should  have  in 
the  determination  of  the  nitrogen  compounds  a  perfectly  satisfactory 
means  of  deciding  whether  the  water  is  in  a  fit  condition  to  use. 
From  this  point  of  view  we  should  reject  all  waters  which  contained 
free  or  albuminoid  anunonia  or  nitrites,  and  accept  only  those  which 
contained  all  the  nitrogen  in  the  form  of  nitrates. 

But  if  the  danger  is  to  be  ascribed  to  the  presence  of  bacteria  in 
the  water,  the  results  of  a  chemical  analysis  offer,  as  in  the  case 
of  surface  waters,  only  indirect  evidence  of  its  condition.  We  do 
not  know  yet  what  is  the  actual  duration  of  life  of  specific  disease 
germs  in  the  soil,  nor  whether  the  conditions  existing  there  are 
favorable  for  their  growth  and  reproduction.  We  cannot,  for  instance, 
say  that  the  disease  germs  which  may  have  been  present  in  sewage 
have  lost  their  vitality  when  the  organic  matter  in  the  sewage  has 
been  oxidized  ;  for,  as  far  as  we  know,  there  is  no  necessary  connec- 
tion between  the  oxidizing  action  of  the  saprophytic  bacteria  and 
the  life  of  the  disease  germs.  It  has  been  asserted  as  the  result  of 
experiment  that  great  activity  of  the  bacteria  of  decomposition  is 
unfavorable  for  the  life  of  disease  germs,  and  that  when  these  sapro- 
phytic bacteria  have  done  their  work  of  oxidation  thoroughly  they 
have  also  accomplished  the  destruction  of  the  pathogenic  bacteria. 
But  the  present  state  of  our  knowledge  of  the  subject  does  not 
justify  us  in  accepting  this  statement  as  final. 

Where  normal  ground  waters  are  not  to  be  had,  safety  lies  in 
time  and  distance  from  the  source  of  pollution ;  the  greater  these 
are  the  greater  the  security  from  harm.  Waters  with  very  high 
nitrates  are  always  to  be  regarded  with  suspicion  even  though  they 
show  for  a  long  period  a  good  purification ;  for  high  nitrates  indi- 
cate a  nearness  of  the  source  of  pollution  which  is  a  constant  menace 
to  the  purity  of  the  water.  Where  the  margin  of  safety  is  small 
a  slight  change  of  the  existing  conditions  may  result  in  a  sudden 
and  serious  pollution  of  the  well.  Moreover,  from  the  standpoint 
of  bacterial  contamination  we  cannot  feel  secure,  even  when  the 
chemical  purification  is  practically  complete,  if  the  source  of  con- 
tamination is  near  by. 

There  is  plenty  of  evidence  to  show  that  waters  with  high  nitrates 
and  nitrites  have  been  the  cause  of  illness.     Ekin  and  Mallet  have 
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botb  called  attention  to  the  dangerous  character  of  waters  of  this 
clasB.  But  we  need  to  know  more  than  thia ;  namely,  nre  the 
watere  high  in  nitrates  only  dangerous  when  they  contain  also 
ammonia  and  nitrites,  —  that  is  to  say  when  they  are  still  under- 
going change,  when  the  bacteria  of  decomposition  are  still  in  full 
activity,  —  or  may  the  danger  etill  exist  in  waters  of  this  class  when 
the  oxidizing  processes  are  complete  ?  Until  bacteriological  I'esearcb, 
or,  it  may  be,  dearly-bought  experience,  brings  with  it  the  desired 
knowledge,  the  best  we  can  do  is  to  protect  our  wella  from  sources 
of  pollution  by  making  our  factors  of  safety  —  time  and  distance  — 
liberal. 

We  have  assumed  in  this  discussion  of  the  purification  of  sewage 
or  house  drainage  that  it  is  exposed  to  air  in  porous  soil  near  the 
surface.  Aa  entirely  ditferent  condition  of  affaira  exists  when  the 
polluting  material  enters  the  ground  at  considerable  depth  and  soaks 
through  earth  where  there  is  but  little  free  oxygen.  There  can  be 
but  slow  oxidation  under  these  conditions,  and  long  time  and  dis- 
tance may  be  needed  before  oxidation  is  complete.  Again,  in  the 
continuous  filtration  of  ground  water  containing  sewage  oxidation 
goes  on  still  more  slowly.  The  pollution  of  the  ground  water  under 
these  conditions,  namely,  where  sewage  is  filtered  merely  but  not 
oxidized,  is  without  doubt  a  source  of  serious  and  permanent 
danger. 

The  presence  of  organic  matter,  of  ammonia,  and  even  a  bad  odor 
in  a  well  water,  does  not  necessarily  imply  that  the  ground  water  of 
the  region  is  polluted.  The  trouble  may  I>e  in  the  well  itself,  which 
may  contain  organic  matter  which  has  dropped  in  from  the  surface — 
insects,  worms  and  the  like.  In  some  wells  the  water  at  the  bottom 
is  stagnant.  The  water  does  not  become  bad  on  this  account  unless 
organic  matter  gets  access  to  it,  when  putrefactive  changes  set  in, 
owing  to  insufiicient  supply  of  dissolved  oxygen,  and  the  water 
becomes  very  foul.  The  remedy  in  such  cases  is  very  simple, 
namely,  cleaning  the  well  and  protecting  it  carefully  at  the  surface. 

The  water  of  artesian  wells  of  great  depth  often  contains  a  con- 
siderable quantity  of  free  ammonia.  The  source  of  this  ammoni* 
is  not  certainly  known  in  all  cases.  It  has  been  referred  in  some 
localities  to  coal  deposits.  Of  waters  of  this  character  we  have  no 
examples  in  Massachusetts. 

At  the  beginning  of  this  discussion  we  have  spoken  of  the  doubt- 
ful value  of  stAndards  of  purity  of  water  based  on  the  amount  of 
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the  nitrogen  compounds  which  it  contains.  In  the  case  of  ground 
waters  there  is  an  ideaJ  standard  of  purity  which  is  at  the  same  time 
not  an  impossible  one,  namely  complete  freedom  from  unoxidized  or 
partly  oxidized  compounds  of  nitrogen*  We  do  not  know,  as  has 
been  already  explained,  that  a  water  which  reaches  this  standard 
is  safe  if  it  at  the  same  time  contains  much  nitrogen  completely 
oxidized,  but  we  do  know  that  as  we  depart  from  this  standard  we 
enter  the  region  of  known  danger. 


An  attempt  has  been  made,  in  the  foregoing  account  of  the 
origin  and  significance  of  the  various  substances  which  are  deter- 
mined in  the  chemical  analysis  of  a  water,  to  show  that  the  inter- 
pretation should  be  based  on  the  analysis  as  a  whole  and  not  on  any 
single  determination. 

It  has  been  a  very  general  custom  hitherto  to  set  limits  for  each 
of  the  substances  beyond  which  the  water  should  be  regarded  as 
polluted  or  as  unfit  for  drinking. 

The  application  of  these  standards  of  purity  made  the  inter- 
pretation of  analyses  a  very  simple  matter  but  of  very  doubtful 
value.  It  has  been  thought  worth  while  in  the  above  discussion  to 
show,  in  much  detail,  the  one-sided  and  faulty  deductions  which 
may  be  made  by  giving  too  much  weight  to  any  one  determination. 
Thus  we  have  said  that  free  ammonia  is  the  evidence  of  decomposi- 
tion of  nitrogenous  organic  matter  already  begun,  that  it  is  the 
characteristic  ingredient  of  sewage,  and  that  it  is  one  of  the  most 
reliable  indications  of  sewage  pollution  in  water.  And  yet  under 
certain  conditions  we  have  seen  that  a  sewage-polluted  water  may 
be  free  from  ammonia  and  that  a  normal  water  may  contain  it 
abundantly. 

Two  lessons  are  to  be  learned  from  this  (and  they  cannot  be  too 
strongly  emphasized)  :  namely,  first,  that  a  single  determination  in 
a  chemical  analysis  of  a  water  cannot  tell  us  what  the  real  condition 
of  the  water  is ;  and,  second,  that  one  complete  analysis  tells  us 
only  what  was  the  condition  of  the  water  when  the  sample  was 
taken. 

A  single  analysis,  for  instance,  may  be  selected  from  the  monthly 
examinations  of  Mystic  Lake,  which  will  show  the  water  to  be  in  a 
very  good  condition,  with  only  the  presence  of  the  chlorine  to  indi- 
cate past  pollution.    Yet  a  glance  at  the  series  of  analyses  will  show 
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that  this  condition  is  unusual,  and  that  the  water  contains,  for  the 
greater  part  of  the  year,  products  of  decomposition  of  organic  mat- 
ter in  considerable  amount.  Such  facta  do  not  detract  from  the 
value  of  the  chemical  analj'sis  of  waters  but  show  rather  how  easily 
ft  fatal  mUtake  may  be  made  by  trusting  to  incomplete  and  Infre- 
quent analyses. 

Id  the  early  part  of  this  Brticle  there  were  given  by  way  of  illus- 
tration  (page  541)  several  instances  of  normal  and  polluted  waters 
to  show  how  one  might  be  easily  misled  by  some  single  determina- 
tions. But  in  all  these  cases  where  the  analyses  are  taken  as  a 
whole,  and  with  a  knowledge  of  the  locality  of  the  water,  there  is 
no  uncertainty  as  to  the  interpretation.  There  are  cases  where  one 
might  bo  in  doubt  whether  or  not  a  water  was  polluted  if  the  normal 
chlorine  of  the  locality  was  unknown.  There  need  be,  however,  no 
longer  any  uncertainty  in  this  regard  in  Massachusetts,  since  the 
normals  for  all  parts  of  the  State  are  now  fairly  well  determined. 
As  regards  pollution  from  sewage  or  house  drainage  in  the  waters 
of  the  State  we  may  regard  the  evidence  aflbrded  by  chemical 
analysis  as  complete  and  conclusive.  This  cannot  be  said  of  any 
other  territory  of  like  size  in  the  country. 

The  subject  will  receive  further  illustration  in  a  subsequent  section 
of  this  report  on  the  classiticatioa  of  the  water  supplies  of  the  State. 


REPOET  UPON  THE  ORGANISMS, 


EXCEPTING  THE  BACTERIA, 


FOUND  IN  THE  WATERS  OF  THE  STATE. 


JULY,  1887,  to  JUNE,  1889. 


By  Q-.  H.  PARKER,  Biologist. 


EEPORT  OF  THE  BIOLOGIST. 


To  Henry  P.  Walcott,  M.D.,  Chairman  8kUe  Board  of  Health, 

Sir  : — The  following  report  presents  an  account  of  the  organisms, 
excepting  the  bacteria,  which  have  been  found  in  the  supplies  of 
potable  water  in  this  Commonwealth.  The  report  is  based  upon 
observations  which  have  extended  over  a  period  of  about  two  years. 
Investigations  were  begun  July  1,  1887,  and  were  continued  under 
my  direction  till  June  1,  1889.  During  the  greater  part  of  the 
first  year  the  work  consisted  of  special  examinations,  particularly 
with  reference  to  the  storage  of  ground  waters.  In  March,  1888,  the 
regular  examination  of  water  collected  for  chemical  analysis  was 
undertaken.  This  was  continued  till  June,  1889 ;  and  the  series 
of  examinations  thus  brought  together  afibrded,  in  the  case  of 
each  water  examined,  a  continuous  set  of  observations  for  some- 
what over  a  year.  During  the  two  years  reported  upon,  the 
water  supplied  to  Boston,  Charlestown  and  Cambridge  was  exam- 
ined monthly.  Including  the  supplies  of  water  from  all  sources, 
3,442  examinations  were  made.  The  examinations  during  the  first 
year  were  made  for  the  most  part  by  myself;  during  the  second 
year  they  were  made  by  Mr.  C.  B.  Davenport  and  Mr.  W.  A. 
Setchell.  Nearly  all  of  the  examinations  were  made  in  the  labora- 
tory for  water  analysis  at  the  Massachusetts  Institute  of  Tech- 
nology, and  I  am  under  obligations  to  Dr.  T.  M.  Drown  and 
Mrs.  R.  H.  Richards  for  many  courtesies  shown  us. 

The  method  by  which  the  water  from  Boston,  Charlestown  and 
Cambridge  was  examined  is  described  on  page  587  of  this  report. 
The  water  collected  for  chemical  analysis  was  examined  for  organ- 
isms in  a  somewhat  difierent  way.  The  material  through  which 
this  water  was  filtered  was  the  same  quality  of  cotton  cloth  as  that 
used  in  filtering  the  water  from  Boston,  Charlestown  and  Cam- 
bridge, but  the  way  in  which  the  cloth  was  used  was  different  in 
the  two  cases. 

In  preparing  for  an  examination  of  water  collected  for  analysis, 
a    small   piece   of   cloth    was    taken    and    firmly    tied    over    the 
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stem  of  a  common  glass  funnel.  It  was  very  important  that 
tlie  cloth  should  ho  bouud  as  closely  as  possible  to  the  open  end 
of  the  stem,  so  that  the  water,  when  poured  into  the  funnel,  would 
filter  through  only  that  portion  of  the  cloth  which  was  directly 
in  front  of  the  end  of  the  funnel.  Having  arranged  the  funnel 
in  this  manner,  two  hundred  cubic  centimeters  of  the  water  to 
be  examined  were  poured  into  it;  and,  in  order  to  facilitute  the 
passage  of  the  water  through  the  cloth,  the  stem  of  the  funnel  was 
inserted  into  a  suction  bottle.  Under  a  slight  pressure  the  water 
paasea  through  the  cloth  in  a  conveniently  short  time,  and  the  par- 
ticles suspended  in  it  will  be  found,  at  the  end  of  the  operation, 
collected  on  a  small  circular  area  on  the  cloth.  The  cloth  miiy  now 
be  removed  from  the  funnel  and  inverted  over  a  glass  tube  of  & 
slightly  larger  calibre.  The  cloth  should  be  so  placed  that  tlie 
circular  arCa  of  sediment  on  it  will  cover  the  end  of  the  tube  nnd 
that  that  face  of  tlio  cloth  on  which  the  sediment  ia  deposited  will 
be  outermoat.  With  a  sharp  l)last  of  air  through  the  tube,  tha 
sediment,  with  a  small  amount  of  water,  can  be  dislodged  from 
the  cloth  and  driven  on  a  glass  slide  held  close  to  the  end  of  the 
tube. 

The  sediment  thus  collected  on  the  slide  is  covered  with  a  thin 
cover  glass  and  examined  under  the  microscope.  Here  the  kinds 
of  organisms  present  can  be  ascertained,  as  well  as  a  rough 
approximation  of  their  numliers.  This  method  gives  good  results 
so  far  as  a  determination  of  the  kinds  of  organisms  is  concerned. 
It  allows  the  sediment  of  a  considerable  volume  of  water  to  b« 
collected  and  examined  in  a  pure  state  (free  from  the  filtering 
material).  From  a  quantitative  standpoint  the  method  at  beat 
yields  only  rough  approximations.  There  are  three  principal  CJiuses 
of  inexactness :  first,  a  few  org-anisms  are  known  to  pa.ss  through 
the  cloth ;  second,  it  is  usually  impossible  to  remove  all  of  the 
organisms  from  the  cloth  to  the  slide;  and,  third,  it  is  ilifficult  to 
distribute  the  sediment  on  the  slide  with  such  equality  that  a< 
rate  estimates  of  the  number  of  organisms  present  can  be  made. 

The  majority  of  organisms  which  have  been  recorded  are  of 
microscopic  size.  At  first  sight  it  might  appear  that  these  nt^o- 
isma  would  l>e  insignificant  in  proportion  to  their  mass,  and  that  mow 
attention  should  have  been  devoted  to  the  larger  plants  and  animals. 
Very  few  cases  have  been  observed,  however,  in  which  really  aer 
trouble  in  water  supplies  can  be  referred  directly  to  the  gi-owth  of 


1889.]  WATER  SUPPLY  AND   SEWERAGE.  583 

large  plants  or  animals ;  whereas,  in  many  instances,  waters  with  very 
objectionable  qualities  contain  nothing  to  which  these  qualities  can 
be  attributed  except  microscopic  organisms.  Further,  although  the 
organisms  here  dealt  with  are  of  such  small  dimensions,  the  immense 
numbers  in  which  they  occur  more  than  counterbalance  their  small 
size  ;  and  I  am,  therefore,  of  opinion  that,  of  those  organisms  wliich 
cause  objectionable  qualities  in  water,  the  microscopic  ones  arc  the 
more  important. 

In  dealing  with  these  organisms,  in  the  present  report,  the  follow- 
ing topics  have  received  attention  :  first,  the  relation  of  the  odor  in 
a  water  to  the  organisms  which  it  contains ;  second,  the  kinds  of 
organisms  found  in  the  waters  supplied  to  Boston,  Charlestown  and 
Cambridge  ;  third,  the  seasonal  distribution  of  organisms  ;  fourth,  the 
distribution  of  organisms  in  waters  variously  situated ;  fifth,  an 
attempt  to  outline  a  general  scheme  for  the  improvemopt  of  water 
made  impure  by  organic  growths ;  and,  sixth,  a  brief  account  of  fresh- 
water sponges  and  their  relation  to  water  supplies.  In  addition  to 
these  topics,  which  form  the  body  of  this  report,  a  summary  of  the 
organisms  which  characterized  the  various  waters  examined  will  bo 
found  appended  to  the  tables  of  chemical  analyses  in  the  reports  on 
water  supplies  and  rivers  (see  pages  1-516  of  tliis  volume). 

I. — The  Relatiox  op  Oroanisms  and  Odors  in  Natural 

Waters. 

The  odors  which  difibrent  waters  possess  are  not  always  easily 
accounted  for.  They  can  arise  from  one  or  several  causes.  Pure 
water  itself  is  odorless,  consequently  any  odor  which  a  water  con- 
tains must  l)e  attributed  to  some  foreign  substance  in  it  The 
foreign  substances  which  are  in  water  are  either  organic  or  inorganic. 
The  odors  which  most  waters  possess  resemble  those  of  or^:inic 
nither  than  inorganic  substances ;  and  it  is,  therefore,  fair  to  pres\,nno 
that  the  great  majority  of  odors  in  natural  waters  are  due  to  orjranic 
compounds.  The  organic  compounds  owe  their  origin  to  organisms, 
and  are  cither  the  products  of  excretion  from  living  organisms  or 
the  results  of  decomposition  from  dead  ones. 

From  the  relation  which  has  been  pointed  out  it  might  be  inferred 
that  odors  and  organisms  should  always  accompany  one  another. 
This,  however,  is  not  necessarily  true,  for  it  is  possible  that  in  a 
given  water  an  odor  may  be  the  only  indication  of  organisms  once 
present.     Thus,  for  instance,  any  organisms  attached  to  a  firm  suiv 
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port  in  a  current  of  water  may  bo  taint  the  water  that,  evea  at  s  I 
considerable  distance  from  the  source  of  contamination,  the  water  1 
may  possess  an  odor  derived  from  the  organisms  ;  and  this  odor  may  I 
be,  moreover,  the  only  evidence  that  the  water  has  been   in  contact  \ 
with  an  organism.      It  is  further  possible  that  a  water  might  contain 
organisms  and  yet  possess  no  odor.     This  condition  could  arise  in 
one  of  two  ways.     Either  the  organisms  in  the  water  might  give 
rise  to  no  products  of  excretion  or  decomposition,  or  those  products, 
if  present,  might  l)e  inodorous.     It  is  thus  evident  that,  although 
odors  in  waters  are  probably  produced  almost  solely  by  organisms, 
it  by  no   means   follows   that  odors   are   always   accompanied   by 
organisms  or  oi^anisms  by  odors. 

Whether  the  odor  in  a  water  is  caused  by  the  excretions  of  organ- 
isms or  by  their  decomposition  is  not  easily  determined.  Possibly 
it  may  result  from  both  causes.  If  the  odor  is  due  to  excretions,  one 
would  rather  expect  that  certain  odora  would  be  characteristic  of 
certain  organisms.  On  the  other  hand,  if  the  odor  is  due  to  decom- 
position, the  relation  of  the  odor  to'  particular  organisms  would 
pri'bably  not  be  so  apparent, 

In  order  to  gain  some  light  on  these  questions  the  observations 
on  organisms  and  odors  were  carefully  compared.  The  coinci- 
dences in  this  comparison  were  so  few  that  one  was  not  warranted 
in  assigning  a  particular  odor  to  a  particular  organism.  On  account 
of  the  diversity  of  organisms  contained  in  the  different  waters  the 
task  of  comparison  was  not  an  easy  one,  and  its  complexity  may 
have  influenced  this  rather  unsatisfactory  conclusion. 

Although  the  relation  between  organisms  and  odors  is  apparently 
not  a  precise  one,  it  is  nevertheless  not  without  its  signlCicancd. 
The  following  tabulation  will  show  something  of  its  meaning.  lo 
the  construction  of  this  table  five  hundred  representative  observa- 
tions were  chosen  from  the  examinations  of  the  second  year.* 
These  were  separated  into  two  groups ;  those  in  which  there  were 
no  odors  or  very  faint  ones,  and  those  in  which  the  odors  were  pro- 
nounced. Depending  upon  the  absence  or  presence  of  a  significant 
number  of  organisms,  these  two  groups  were  further  subdivided. 
The  number  of  waters  which  fell  under  the  four  sub-groups  lhu» 
constituted  are  aa  follows  :  — 
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/.    Odors  very  faint  or  none, 

1.  Organisms  insignificant  in  number  or  none, 89 

2.  Organisms  numerous, 227 

//.    Odors  pronounced. 

1.  Organisms  insignificant  in  number  or  none, 0 

2.  Organisms  numerous, 184 

Total  number  of  observations, 500 


From  this  table  it  will  be  observed  that,  when  the  odors  were 
pronounced,  the  organisms  were  always  present  in  considerable 
numbers.  On  the  other  hand,  when  the  odors  were  very  faint  or 
altogether  absent,  89  cases  were  observed  in  which  the  organisms 
were  practically  absent  and  227  cases  in  which  they  were  repre- 
sented in  considerable  numbers.  The  simultaneous  absence  of 
odors  and  organisms  in  a  given  water  is  what  one  would  naturally 
expect.  The  presence  of  organisms  and  absence  of  odors  is  not 
at  first  sight  a  natural  relation,  although,  as  I  have  previously 
explained,  it  is  not  inconsistent  with  the  idea  that  the  odors  are 
caused  by  the  organisms.  The  fact  that,  in  227  cases  in  500,  odors 
were  practically  absent  but  organisms  were  present  in  considerable 
numbers,  bears  directly  on  the  question  of  the  origin  of  odors.  If 
the  odora  were  due  to  excretions,  then  one  must  explain  the  absence 
of  odors  in  the  227  cases  mentioned  either  by  supposing  that,  at  the 
time  of  collection  and  examination,  these  organisms  produced  tio 
excretions  or  that  their  excretions  were  inodorous.  The  former 
supposition  is  not  probable,  because  the  physiological  processes  of 
nutrition,  excretion,  etc.,  in  a  plant  go  on  with  such  regularity  that 
interruptions  such  as  this  supposition  demands  are  exceptional,  if, 
indeed,  they  occur  at  all.  The  second  supposition,  namely,  that 
the  excretions  were  inodorous,  is  improbable,  because,  in  one 
instance  or  another  of  the  227  cases  cited,  almost  all  of  the  im- 
portant organisms  which  occur  in  potable  water  have  been  pres- 
ent.  Consequently  it  cannot  be  maintained  that  the  great  number 
of  organisms  which  these  cases  present  is  made  up  of  only  a  few 
kinds  of  organisms  the  excretions  of  which  might  be  inodorous. 
This  fact  is  emphasized  by  the  following  table,  in  which  are  recorded 
the  names  of  the  more  important  organisms  and  the  number  of  times 
when  they  were  present  in  great  numbers.  The  table  is  constructed 
from  1*00  representatives  of  the  227  examinations  previously  cited. 
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Gkmiuuo  Name  of  Oroahibm. 


FKqnency 
with  which  th« 

OrfOiiiiftm 
waa  preMriit  In 

AJbnodaDce. 


AnabaBna, 

Asterlooella, 

Chlorococcai, 

ClathrocyBtis, 

Cuelospherlam, 

CreDothrlx,  . 

lieloflira, 

Fedlastram,  . 

Baphidium,  . 

Sconedeamas, 

Staarastram, 

StephanodiacuB, 

Bynedra, 

Tabellarla,    . 

Dlnobryon,   . 


1 

6 
8 
2 
4 
1 
1 
2 
6 
2 
6 
17 
8 
6 


The  only  organisms  which  are  not  mentioned  in  this  enumeration, 
and  which  have  been  found  to  be  of  special  significance  in  water 
supplies,  are  Oscillaria,  Closterium,  Spirogyra  and  Volvox.  Except- 
ing Spirogyra  and  Volvox,  which  are  of  rather  rare  occurrence  in 
waters  collected  for  examination,  the  remaining  genera  have  been 
represented  in  sufficient  numbers  in  other  samples  of  practically 
odorless  water  to  support  the  same  conclusion  as  that  drawn  from 
the  table.  Thus  Oscillaria  has  been  twice  present  in  large  amounts 
in  water  from  Jamaica  Pond,  and  yet  the  samples  have  proved  to  be 
nearly  odorless  (samples  Nos.  2750  and  2880,  p.  63).  Closterium 
was  abundantly  represented  in  water  from  Cohasset  Reservoir, 
nevertheless  the  water  was  odorless  (sample  No.  2799,  p,  106).  In 
a  similar  way,  water  which  contained  great  quantities  of  Cosmarium 
was  without  odor  (sample  No.  2918,  p.  106).  Spirogyra  and  Volvox 
have  never  been  present  in  such  quantities  in  odorless  chemical 
samples  of  water  but  that  it  could  be  maintained  that  the  absence  of 
odor  was  due  to  the  small  number  of  organisms  present. 

Two  conclusions  can  be  drawn  from  these  observations :  fii*st, 
any  of  the  more  important  organisms  can  be  abundantly  represented 
in  a  water  and  yet  that  water  can  be  odorless ;  and,  second,  the  same 
kind  of  organisms  in  other  instances  appear  to  be  the  sole  cause  of 
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disagreeable  odors.  Any  attempt  to  explain  these  odors  as  excre- 
tions from  the  organisms  necessitates  a  belief  in*  either  a  temporary 
cessation  of  the  function  of  excretion  or  an  alteration  in  the  character 
of  its  products ;  tvro  changes  which,  as  I  have  previously  stated,  are 
decidedly  improbable.  If,  then,  the  odors  are  not  the  products  of 
excretion,  they  must  result  from  the  decomposition  of  dead  organ- 
isms. That  this  conclusion  is  true  is  probable  from  the  fact  that  the 
odors  noticed  in  various  waters  are  so  generally  similar,  presenting 
by  no  means  a  diversity  equal  to  the  number  of  kinds  of  organisms. 

II.  —  The  Organisms  found  in  the  Water  supplied  to  Boston, 

ClIARLESTOWN   AND   CAMBRIDGE. 

The  chief  purpose  of  the  following  tables  is  to  place  upon  record 
the  kinds  of  organisms  observed  at  different  seasons  in  the  service 
water  of  Boston,  Charlestown  and  Cambridge. 

The  water  supplied  to  these  three  places  was  examined  monthly 
for  two  years  beginning  July  1,  1887.  The  samples  for  examination 
were  collected  from  taps  in  the  three  places  mentioned :  that  for 
Boston  was  taken  at  the  tap  in  the  basement  of  No.  13  Beacon 
Street ;  that  for  Charlestown  from  a  tap  in  the  shop  of  the  water 
department  at  the  comer  of  Tufts  and  Medford  streets ;  that  for 
Cambridge  from  a  tap  at  Divinity  Hall.  Those  samples  were  obtained 
by  straining  about  fifteen  gallons  of  water  through  a  cloth  tied  closely 
to  the  end  of  a  faucet,  and  the  sediment  thus  collected  was  removed  to 
a  glass  slide  and  examined  under  the  microscope.  In  order  to  record 
roughly  the  relative  number  of  organisms  present,  the  four  following 
adjectives  were  used:  **few,"  **  several,"  **  abundant''  and  "very 
abundant."  The  last  three  of  these  have  been  abbreviated  to  "  sev.," 
"  ahd.  "  and  "  v.  alnl.,"  and  appear  in  this  form  in  the  tables.  The 
usual  significance  of  these  adjectives  is  almost  sufilcient  to  indicate 
their  meaning  in  connection  with  the  number  of  organisms.  "  Few  " 
is  u.sed  where  an  organism  was  represented  by  a  very  small  number 
of  individuals.  **  Several"  implies  a  greater  number  than  '*few'* 
but  not  so  many  as  **  abundant."  **  Very  abundant"  is  employed 
only  when  an  organism  was  represented  by  an  excessive  number  of 
individuals.  Beside  these  adjectives  the  abbreviation  "  pr."  is  some- 
times used  ;  this  signifies  that  the  organism  against  which  it  stands 
was  jpresent,  but  no  statement  i^  made  as  to  the  number  of  individu- 
als by  which  it  was  represented. 

Of  the  following  tables  there  are  three  sets,  one  for  each  of  the 
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waters  examined.  la  each  set  the  orgaaianis  are  amnged  uccoi'diiig 
to  natural  groups,  the  names  of  which,  as  wetl  as  those  of  the  organ- 
isms themselves,  are  on  the  left-hand  aide  of  the  tables.  Opposite 
the  name  of  each  organbm  are  two  lines,  one  for  each  of  the  two 
years  of  observations.  In  order  to  faoilitate  comparison  the  cor- 
responding months  of  the  two  years  are  arranged  one  above  the 
other.  The  two  years  begin  one  in  July,  1887,  the  other  in  July, 
1888  ;  hence  the  first  and  second  years  designated  in  the  tables  do 
not  correspond  to  calendar  years. 
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The  Sebvice  Water  of  Chaklestown— Continttad. 
Algae  —  Concluded. 
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The  preceding  tables  are  of  value  not  only  as  records  of  the 
organisms  present  in  the  particular  water  supplies  examined,  but, 
since  they  extend  over  a  period  of  two  years,  they  afford  an 
opportunity  of  comparing  the  organisms  of  one  year  with  those 
of  another.  One  would  naturally  expect  that  the  changes  which 
the  organisms  show  in  one  year  would  be  reproduced  in  another ; 
and,  aside  from  some  few  deviations,  this  is  on  the  whole  true. 

A  glance  at  the  tables  will  show  that  two  kinds  of  orgnnisms 
are  to  lie  recognized :  first,  those  which  are  only  occasionally  and 
irregularly  present,  and  which  for  the  most  part  are  represented 
only  by  small  numbers  of  individuals;  and,  second,  those  which 
are  much  more  regular  in  their  occurrence  and  which  are  usually 
represented  by  many  individuals. 

The  organisms  which  occur  in  great  numbers  are  obviously  the 
ones  least  likely  to  be  overlooked,  and,  consequently,  the  best  ones 
on  which  to  base  conclusions  concerning  the  relation  of  one  year 
with  another.  The  more  important  of  these  are  the  nineteen  genera 
which  are  marked  with  asterisks  in  the  table  for  Boston.  The 
record  of  these  genera  for  the  first  year  in  the  three  water  sup- 
plies examined  fairly  duplicates  the  record  for  the  second  year. 
The  coincidence  is  by  no  means  complete,  but  it  is  evident,  and 
in  some  cases,  as  for  instance  those  of  Anabsna  and  Staurastrum 
in  Boston,  it  is  very  nearly  perfect.  The  only  pronounced  excep- 
tions to  the  general  rule  of  coincidence  are  the  cases  of  Rapbidium 
in  Boston  and  Chlorococcus  and  Synedra  in  Cambridge.  These 
organisms  apparently  followed  diflerent  courses  of  development  in 
the  first  year  from  what  they  did  in  the  second. 

The  conclusion  to  be  drawn  from  these  observations  is  that, 
although  some  exceptional  cases  may  be  presented,  as  a  rule  the 
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more  important  genera  reappear  in  a  given  year  in  much  the  same 
order  as  they  appeared  in  the  preceding  year. 


III.  —  The  Seasonal  Distribution  of  Organisms. 

The  following  tables  are  intended  to  present,  in  a  condensed 
form,  a  statement  of  the  seasonal  distribution  of  the  more  important 
organisms  in  potable  water,  and  to  serve  possibly  as  a  basis  for 
predicting  the  nature  of  organic  growths  in  waters  not  examined 
continuously  for  a  whole  year.  The  list  of  organisms  includes  the 
names  of  those  only  which  may  be  called  important  either  on 
account  of  their  abundance  or  the  frequency  with  which  they  have 
occurred.  The  organisms  are  arranged  according  to  their  natural 
groups. 

Each  genus  of  organisms  is  necessarily  represented  by  living 
individuals  throughout  the  whole  year,  yet  at  one  season  indi- 
viduals may  be  much  more  numerous  than  at  another.  The  tables 
of  seasonal  distribution  are  intended  to  show,  in  the  case  of  the 
organisms  enumerated,  the  frequency  with  which  periods  of  greatest 
numbers  have  presented  themselves  during  the  year.  These  tables 
have  been  constructed  from  observations  on  such  waters  only  as 
have  been  examined  continuously  for  a  whole  year.  In  making 
the  tables,  complete  sets  of  examinations  were  taken  and  the  periods 
of  greatest  numbers  for  each  organism  were  marked.  From  this 
record  the  tables  were  constructed.  The  method  of  interpreting  a 
table  can  be  made  clear  by  an  example.  For  this  purpose  Anabrona 
may  be  taken,  the  first  organism  in  the  following  table.  There 
were  56  complete  sets  of  observations  in  which  Anabaena  was 
present.  In  these  sets  the  periods  of  greatest  numbers  fell  once  in 
April,  twice  in  May,  seven  times  in  June,  and  so  on  as  shown  in 
the  table.  The  months  when  Anabsena  was  most  frequently  numer- 
ous were  July  and  August.  Admitting  the  year  which  this  table 
represents  to  be  typical,  one  would  not  expect  to  find  Anabaena  in 
great  numbers  during  January,  February  or  March.  During  the 
remainder  of  the  year  it  might  be  looked  for  even  in  considerable 
numbers,  although  the  period  of  its  most  frequent  occurrence  would 
be  July  and  August. 

With  this  explanation  the  following  tables  and  brief  notes  will 
probably  be  easily  understood. 
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Alox — Concluded. 
6'.    Zygnemcuxce. 


Jan. 

Feb. 

Mar. 

Apr. 

\           1 
May.    Jane.!  jalj. 

1 

Aag. 

Sept 

Oct. 

Nov.     Dec.  i  Total. 

1 

Bpirogyra,     . 

0 

0 

0. 

6 

1 

2 

6 

2 

1 

4 

1 

0    I      21 

! 

7.     Volvocinea, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane.'  July. 

! 

Aug. 

Sept     Oct 

Nov. 

Dec. 

ToUl. 

Vol  vox, 

0 

0 

0 

0 

1 

0 

3 

3          4 

0 

2 

0 

13 

On  accoant  of  the  eaae  with  which  Volvox  Is  deetroyed  by  the  motion  of  transportation,  it  ia 
probable  that  the  original  obserrations  on  this  organism^  are  Imperfect,  and  that,  therefore,  this  table 
la  somewhat  defective. 


11.  —  Fungi. 


8. 

SchizomyceUs. 

I 

Jan. 

Feb.     Mar. 

k^T,    May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

Crenothrix,^         .        1 

0 

0 

2 

2 

18 

45 

3 

2 

3 

1 

1 

78 

This  genus  was  distinctly  chancteristlo  of  Jane  and  July. 

*  In  the  report  of  the  biologist  on  pages  89  to  M  of  the  Nineteenth  Annual  Report  of  this  Board, 
Crenothrix  is  referred  to  under  the  name  of  Hypheothrlx. 

III. —  Animals. 
9'    Protozoa, 


1 

1  Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Total. 

Dinobryon,  . 

4 

13 

19 

15 

11 

9 

9 

10 

2 

4 

4 

2 

102 

Peridinium,  . 

5 

0 

13 

0 

5 

3 

23 

20 

8 

1 

2 

2 

97 

Trachelomonas,  . 

4 

7 

13 

0 

5 

5 

15 

11 

16 

7 

6 

3 

98 

These  three  genera  were  most  frequently  numerous  during  March,  July  and  August. 
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Sp 
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Dec. 

Total. 

Sponge  spicules,  . 

0 
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4 

4 
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« 

4 
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3 

42 

The  presence  of  sponge  spicoles  indicates  the  disiotegration  of  sponges.  This  may  or  may  not  be 
accompanied  by  active  growth  on  the  part  of  the  sponge.  The  disintegration  is  generally  characteristic 
of  the  period  from  early  spring  to  early  winter. 
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Animals  —  Concluded. 
11.    Boti/era. 
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11 

A  Table  showing  the  Months  when  Particular  Groups  of  Organisms  were  nwri 
frequently  represerUed  by  Excessive  Numbers. 
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IV.  —  The  Distribution  of  Organisms   in   Waters  variously 

SITUATED. 

The  following  tables  are  intended  to  show  the  distribution  of 
organisms  as  determined  by  the  conditions  with  which  they  are 
surrounded.  In  making  the  tables  it  was  necessary  to  adopt  some 
classification  for  the  different  kinds  of  water ;  and,  although  the 
groups  herein  presented  are  more  or  less  arbitrary,  it  is  hoped  that 
by  the  use  of  the  following  definitions  clearness  can  be  retained. 

Two  principal  divisions  of  natural  potable  waters  are  generally 
recognized :  ground  waters  and  surface  waters.  Ground  waters 
are  those  which  are  obtained  from  some  distance  below  the  sur- 
face of  the  soil,  and  which  presumably  have  been  in  that  position 
for  some  time.  Surface  waters  are  those  which  occur  exposed  on 
the  surface  of  the  soil.  There  can  be  of  course  no  sharp  line  dmwn 
between  these  two  kinds  of  water.  Ground  waters  shade  imper- 
ceptibly into  surface  waters. 

Ground  waters  have  been  divided  into  four  sub-groups  as  fol- 
lows :  first,  waters  derived  from  driven  wells  or  deep  filter  gal- 
leries ;  second,  waters  obtained  from  natural  springs  as  they  issue 
from  the  earth ;  third,  ground  waters  from  either  of  these  sources 
stored  in  reservoirs  or  tanks  from  which  the  light  is  excluded  ;  and, 
fourth,  ground  waters  stored  in  positions  exposed  to  the  light.  This 
last  group  can  be  said  to  represent  a  ground  water  which  is  being 
converted  into  a  surface  water. 

Depending  upon  the  positions  in  which  the  surface  waters  occur, 
nine  groups  have  been  distinguished.  They  are  as  follows :  first, 
surface  waters  in  natural  ponds,  lakes,  etc. ;  second,  waters  in 
artificial  ponds,  etc.  The  difference  between  aitificial  and  natural 
ponds  is  made  to  depend  upon  the  past  and  present  water  level  of 
the  ponds.  If,  in  the  preparation  of  a  pond  for  a  water  supply, 
the  water  level  is  not  materially  raised,  the  pond  would  be  classed 
as  a  natural  pond.  If,  on  the  other  hand,  the  water  level  is  so 
elevated  that  much  land  originally  uncovered  with  water  becomes 
covered,  the  pond  would  be  called  artificial.  Of  course  artificial 
ponds  can  be  made  by  damming  streams  as  well  as  by  raising  the 
level  of  natural  ponds.  This  group  includes  many  storage  reser- 
voirs. In  each  of  the  four  following  groups  surface  ^vater  obtained 
from  various  sources  is  stored  in  open  reservoirs  or  tanks.  As  places 
for  the  temporary  storage  of  water  these  reservoirs  can  usually  be 
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distinguished  from  ponds  either  artificial  or  natural,  and  from  tbe 
majority  of  storage  reservoirs,  by  the  fact  that  their  bottoms  have 
been  especially  prepared  for  tho  reception  of  the  water.  Of  course, 
in  the  case  of  most  artificial  ponds,  more  or  less  care  is  taken  in  the 
removal  of  brush  and  loam  from  the  land  before  it  is  flooded  ;  but  thia 
preparation  is  by  no  means  so  extensive  as  that  involved  in  the  i 
struction  of  a  distributing  reservoir.  Beside  this  characteristic  the 
reservoirs  included  in  these  four  groups  have  usually  been  built  in 
places  not  previously  occupied  by  water,  as  for  instance  hill  tops, 
whereas  artificial  ponds  and  the  majority  of  storage  reservoirs  occupy 
the  position  of  former  ponds  or  water  courses.  The  source  of  the 
water  has  been  made  the  distinguishing  feature  in  the  four  groups. 
The  first  of  these  includes  water  stored  in  reservoii-s  or  tanks  and 
obtained  from  natural  ponds ;  in  the  second  group  the  water  b 
obtained  from  artificial  ponds;  in  the  third,  from  rivers  or  brooks 
and,  in  the  fourth,  the  reservoir  or  tank  is  filled  with  partially 
filtered  surface  water.  The  three  remaining  kinds  of  surface  water  are 
water  from  rivers,  water  from  brooks  and  partially  filtered  surface 
water  taken  directly  from  the  filters.  This  last  kind  might  be  said 
to  represent  a  sui-face  water  which  by  filtration  was  being  converted 
into  a  ground  water,  but  in  which  the  method  of  filtering  employed 
was  too  imperfect  to  accomplish  thia  conversion  completely  or  to 
remove  many  of  the  smaller  algse.  The  waters  consequently  are 
described  &!>, partially  filtered. 

Of  the  following  tables  one  is  devoted  to  the  representatives  of 
each  of  tho  more  important  groups  of  organisms.  The  kinds  of 
water  as  previously  defined  are  enumcrati^d  on  the  left-hand  side 
of  the  table.  The  column  of  figures  to  tho  extreme  right  representa 
the  total  number  of  observations  made  on  particular  kinds  of  "water ;, 
the  remaining  columns  show  tho  number  of  times  a  given  organism, 
was  present  in  a  given  kind  of  water.  The  generic  names  of  the 
organisms  are  found  at  the  head  of  their  appropriate  columns. 
addition  to  these  general  tnbles  special  tables  have  been  constructed' 
for  some  of  the  groups.  These  are  designed  to  illustrate  particular 
facts  in  the  distribution  of  the  organisms  not  easily  seen  in  tbe  gen- 
eral tables.  Both  kinds  of  tables  are  an'Ruged  according  to  th«' 
natural  classification  of  the  groups  of  organisms  for  which  thej 
were  constructed. 
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I.  —  Alo£. 
1.  Cyanophycea:. 


Kinds  or  Watxe. 


i 

3 

i 

s. 

c 

I 

s. 

1 

1 

Am 

i 
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23 

67 

11 

0 

1 

16 

m 
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0 
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0 

323 
24 
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163 


386 
376 

14 
112 
190 

67 
5:)4 

91 

61 


In  moving  surface  waters. 
In  ttanding  surface  waters. 


28 
140 


16 
138 


10 
44 


1145 


In  ^noting  surface  waters,  .... 
In  Mlanding  surface  waters,  .... 
In  open  reservoirs  filled  from  rivers  and  brooks, 


'      8.5^ 

2.5^ 

12.0^ 

12.0^ 

12.  IK 

11.0^ 

1.6^ 
8.8)( 
I.O5J 


lOOK 
lOOK 
lOOK 


The  CyanophycesB,  as  represented  by  the  three  genera  named  in  this  table,  are  generally  absent  from 
ground  waters  even  when  these  are  contained  in  open  reservoirs.  On  the  other  hand,  they  occur  in  sur- 
face waters  in  almost  all  situations.  As  the  smaller  table  shows,  they  are  more  abundant  in  standing 
surface  water  than  in  that  which  is  in  motion.  This,  in  all  probability,  is  due  simply  to  the  motion  of 
the  water,  which  when  violent  is  known  to  destroy  these  delicate  plants,  although  the  previous  history 
of  the  water  (whether  It  comes  directly  from  a  pond  or  is  collected  from  a  broad  watershed  or  some 
other  source)  has  unquestionably  more  or  leas  influence  In  determining  the  character  and  amount  of  the 
organisms  contained.  That  the  difference  between  the  blue-green  algn  of  moving  and  quiet  water  is  not 
due  to  a  difference  in  the  qualitiea  of  the  water  is  evident  from  the  fact  that,  when  water  from  rivers  or 
brooks  is  stored  in  open  reservoirs,  the  growth  of  these  plants,  excepting  Oslospherium,  is  almost  as 
general  as  In  the  average  of  other  standing  surface  water. 
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Algje  —  Continuod. 
2,  Palmellacect, 
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DrivcD  wells,  deep  Alter  galleries,  etc., 
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Open  reservoirs 
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Xataral  ponds 

Artlficiul  ponds, 

Open  reservoirs : 

from  natural  ponds, 

from  artiticiul  i)onds, 

from  rivers  and  brooks,  . 

from  partially  filtered  surface  water. 
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BrookH, 

Partially  filtered  surface  water,   . 


lis 
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13 
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Excepting  in  the  open  reservoirs,  where  It  is  frequently  present,  Chlorococcas  occurs  only  occasion- 
ally in  ground  waters.  It  is  generally  present  in  surface  waters,  occurring  in  about  35  per  cent,  of  the 
standing  waters  and  30  per  cent,  of  those  in  motion. 

3.  Zoosporecp. 
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51 

The  Zoosporea?,  as  represented  by  the  three  genera  in  this  table,  occur  In  sround  waters  when 
stored  in  open  reservoirs  and  In  surface  waters  j^enerally.  They  are  present  somewhat  more  frequently 
in  standinu  than  in  moving  water.  Of  the  three  genera  mentioned,  Pediastrum  occurs  less  frequently  and 
Scenedesmus  most  frequently. 
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Alg^ — Continued. 
4.  Desmidvuxo!. 
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0 
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0 
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These  Dcsmids  occur  priDcipally  in  open  reservoirs  of  ground  waters  and  in  surface  waters. 

5.  DicttomacecR. 
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KiNi>M  OF  Water. 
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The  genera  of  Diatoms  enumerated  in  this  tabic  occur  iparingly  in  the  first  three  kinds  of  ground 
waters ;  they  are  geuentlly  abundant  in  ground  water  stored  in  open  reservoirs  and  in  all  surface  waters. 
Synedra  and  Tabellaria  arc  more  generally  characteristic  of  rivers  and  brooks  than  of  standing  surface 
water ;  the  other  genera  occur  more  freqnently  In  standing  water. 
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Excepting  in  the  open  reservoirs,  where  it  is  frequently  present,  Chlorococcus  occurs  only  occasion' 
ally  in  ground  waters.  It  is  generally  present  in  surface  waters,  occurring  in  about  33  per  cent,  of  the 
standing  waters  and  30  per  cent,  of  those  in  motion. 
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The  Zoosporea",  as  represented  by  the  three  genera  in  this  table,  occur  in  ground  waters  when 
stored  in  oj)un  reservoirs  and  in  surface  waters  generally.  They  are  present  somewhat  more  frequently 
in  standinu:  than  in  moving  water.  Of  the  three  genera  mentioned,  Pediastrum  occurs  less  frequently  and 
Scenedesmus  most  frequently. 
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These  Desmids  occur  principally  in  open  reservoirs  of  ground  waters  and  in  surface  waters. 
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The  genera  of  Diatoms  enumerated  in  this  tabic  occur  iparingly  in  the  first  three  kinds  of  ground 
waters;  they  arc  generally  abundant  in  groundwater  stored  in  open  reservoirs  and  in  all  surface  waters. 
Synedra  and  Tabellaria  arc  more  generally  characteristic  of  riven  and  brooks  than  of  standing  surface 
water ;  the  other  genera  occur  more  frequently  In  standing  water. 
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Animals  —  Concluded. 
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The  Rotifera  and  Entomostraca   occur  for  the  most  part  in   open   reservoir*  filled  wltli   ground 
^'ater  and  in  all  kinds  of  surface  water. 


•  Genera  not  determined. 
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V.  — The  Purification  of  Water  rendered  Impure  by  Orcjank^ 

Growths. 

The  importance  that  orgaDisms  possess  in  their  relation  to  the 
disagreeable  odors  and  tastes  in  natural  waters  has  already  been 
pointed  out,  and  the  desirability  of  being  able  to  check  their  growth 
must,  therefore,  be  apparent.  The  following  account  cannot  pretend 
to  do  more  than  outline  what  appear  at  present  to  be  the  most 
promising  methods  of  attaining  this  end,  and  it  must  remain  for 
future  experimentation  to  determine  whether  or  not  these  methods 
are  practicable. 

That  particular  organisms  are  present  in  certain  waters  and  absent 
from  others  is  a  fact  which  requires  no  demonstration.  If  the 
economy  of  these  organisms  were  fully  understood  and  the  influence 
of  their  surroundings  completely  appreciated,  it  is  probable  that 
their  presence  or  absence  from  a  given  water  could  bo  fully 
accounted  for.  Once  having  sufficient  knowledge  to  take  this  step 
it  is  also  probable  that  means  might  be  devised  by  which  the  growth 
of  these  organisms  in  other  waters  might  be  elTectually  checked. 
Unfortunately  a  knowledge  of  organisms  complete  enough  for  this 
purpose  is  not  at  present  to  be  had,  and  the  best  that  can  be  done  is 
to  endeavor  to  gain  some  clew  to  the  more  important  influences 
which  determine  the  presence  or  absence  of  those  organisms  with 
which  we  have  to  deal. 

In  order  to  gain  some  idea  of  the  nature  of  these  influences  it  will 
be  necessaiy  to  return  to  the  tables  in  the  preceding  section.  It 
will  be  recalled  that  the  organisms  mentioned  in  these  tables  were 
grouped  under  three  chief  heads :  Algro,  Fungi  and  Animals.  By 
comparing  the  various  tables  it  will  be  observed  that  the  algiv, 
although  generally  present  in  surface  waters,  were  found,  with  very 
few  exceptions,  in  only  those  ground  waters  which  were  stored  in 
open  reservoirs.  Crenothrix,  the  only  representative  of  the  fungi, 
was  present  in  all  classes  of  water.  The  distribution  of  the  animals 
is  essentially  the  same  as  that  of  the  algce.  If,  now,  the  kinds  of 
water  be  compared,  it  will  be  seen  that  the  algse  were  absent  for  the 
most  part  from  the  water  of  driven  wells,  filter  galleries,  springs  and 
closed  reservoirs.  These  are  situations  in  which  the  water  is  either 
not  open  to  the  light  or  is  newly  exposed  to  it.  In  all  other 
situations  described,  the  water  is  open  either  to  direct  or  diflused 
sunlight.     The  algte  then   are   present  in  waters   exposed  to  the 
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light  and  absent  from  waters  ioaccessible  to  it.  -  It  haa  long  been 
known  that  sunlight  is  essential  to  the  continued  life  of  nut  only 
the  algie  but  all  green  plants.  It  is,  therefore,  not  aurprising  that 
the  algre  occur  only  in  lighted  situations.  To  thera  light  is  an 
essential  clement  in  the  production  of  their  food.  Hence  the  absence 
of  light  determines  the  absence  of  algw. 

With  a  view  of  determining  to  what  extent  food  and  its  produc- 
tion should  bo  regitrded  as  a  controlling  factor  in  the  growth  of  or- 
ganisms, it  will  bo  necessary  to  examine  somewhat  more  closely  the 
character  of  the  food  of  different  organisms.  The  living  substance 
of  all  organisms  is  composed  principally  of  four  chemical  elements 
united  in  very  complex  compounds.  These  elements  are  carbon, 
hydrogen,  oxygen  and  nitrogen.  In  addition  to  these  there  are 
sevorn!  others  which,  although  constant  in  their  occurrence,  are 
present  only  in  very  small  quantities.  The  wear  and  tear  in 
the  body  of  an  organism  necessitates  the  destruction  of  many  of 
the  compounds  in  its  substance,  and  as  a  result  there  is  a  continual 
escape  from  its  body  of  material  including  the  four  elements  already 
mentioned.  In  order  to  replace  this  loss  the  organism  necessarily 
appropriates  new  material,  which  must  contain  at  least  a  fair  pro- 
portion of  the  four  elements  named.     This  constitutes  its  food. 

In  the  case  of  green  plants — and  this  statement  of  course  includes 
the  algre — the  source  of  the  four  principal  constituents  of  the  food 
has  been  carefully  ascertained  by  experiment.  It  is  known  that  the 
carbon  is  usually  derived  from  the  carbon  dioxide  of  the  surround- 
ing atmosphere  or  water ;  that  the  hydrogen  is  obtained  by  decom- 
posing water  which  consists  of  a  union  of  hydrogen  and  oxygen, 
and  that  the  oxygen  can  be  taken  from  either  the  carbon  dioxide, 
the  water  or  both.  It  is  equally  well  known  that  the  uncombined 
nitrogen  of  the  air  is  practically  inaccessible  to  green  plants,  and 
that  their  nitrogen  is  derived  from  the  decomposition  of  compounds 
of  nitrogen,  such  as  ammonia  or  some  nitrate.  The  simplest  diet, 
then,  on  which  a  green  plant  might  subsist,  considering  only  the 
chief  elements,  is  carbon  dioxide,  water  and  some  nitrate  or  other 
compound  of  nitrogen. 

If  a  green  plant  were  presented  with  the  three  compounds  named 
and  no  other  assistance  were  given  it,  it  would  be  entirely  unable 
to  reorganize  these  compounds  for  the  use  of  its  body.  In  order 
that  a  reorganization  should  take  place  it  is  necessary  that  a  supply 
of  energy  be  at  hand  by  which  the  requisite  chemical  changes  can 
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be  effected.  This  supply  of  energy  the  green  plant  finds  in  the 
sunlight ;  hence  the  vital  importance  of  this  factor  to  the  plant. 

The  changes  which  have  thus  far  been  described  are  accomplished 
by  green  plants  only.  The  color  which  these  plants  possess  is  due 
to  chlorophyl,  a  green  coloring  matter  produced  in  their  tissues. 
Chlorophyl,  as  might  be  suspected,  is  intimately  connected  with 
the  reorganization  of  the  food,  and  in  fact  is  essential  to  it.  From 
these  various  statements  the  general  conclusion  may  be  drawn  that 
all  plants  possessing  chlorophyl,  when  supplied  with  the  necessary 
simple  compounds  and  in  the  presence  of  sunlight,  have  the  power 
of  organizing  their  own  food.  All  other  organisms  —  i.  e.,  plants 
without  chlorophyl  (fungi),  and  animals  —  are  without  this  power. 
Plants  without  chlorophyl,  and  animals,  obtain  their  food  already 
organized  either  directly  from  green  plants  or  indirectly  through 
other  organisms,  which  in  turn  depend  for  their  food  upon  green 
plants.  Thus  all  animals  or  plants  not  capable  of  organizing  their 
own  food  are  dependent  either  directly  or  indirectly  upon  green 
plants  for  their  nourishment. 

Having  thus  shown  the  relation  which  organisms  with  and  without 
chlorophyl  bear  to  their  food,  it  would  be  well  to  return  to  the 
tables  previously  cited  and  examine  them  more  critically  to  deter- 
mine whether  in  their  detail  any  exceptional  features  are  presented. 

The  presence  of  algoB  in  almost  all  instances  of  water  exposed  to 
the  light  is  a  perfectly  natural  condition.  Their  presence,  even  in 
small  numbers,  in  situations  described  as  dark  is  not  what  might  be 
anticipated.  This  fact,  which  is  evident  from  an  inspection  of  the 
tables,  is  not,  however,  inconsistent  with  the  general  statement 
already  advanced ;  for  in  many  instances  wells,  and  especially  filter 
galleries,  described  as  dark  have  proven  on  examination  to  be  acces- 
sible to  the  light  either  through  -  defective  roofs  or  walls  or  by 
ventilating  shafts,  etc.  The  amount  of  light  admitted  in  these  cases 
is  of  course  very  small,  but  nevertheless  it  is  often  enough  to  render 
possible  a  limited  growth  of  green  algse.  An  illustmtion  of  the 
growth  of  algte  under  these  circumstances  is  afforded  in  the  case  of 
the  water  supply  of  Dedham.  The  well  of  this  water  supply  was 
described  as  covered  to  exclude  the  light  (see  page  114),  neverthe- 
less the  water  from  the  well  had  continually  present  in  it  a  small 
number  of  diatoms.  On  carefully  inspecting  the  well  the  roof  was 
found  to  be  slightly  defective,  so  that  on  clear  days  a  small  beam  of 
sunlight  fell   on   the   water  and  north  wall.     Scrapings  from  this 
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wall  contained  a  few  diatoms;  scrapings  from  the  south  wall  on 
which  no  light  fell  contained  no  green  algie.  The  few  diatoms 
found  in  the  water  pumped  from  the  well  doulitless  came  from 
the  growth  established  on  the  north  wall.  The  kinds  of  alga' 
which  inhabit  these  partially  lighted  situations  arc  not  very  numer- 
ous ;  ChlorococcuB,  Asterionellu,  Melosira,  Synedra  and  Tabellaria 
are  the  principal  genera.  Although  I  am  of  opinion  that  the 
majority  of  recorda  of  green  algie  in  situations  described  as  dark  are 
to  be  interpreted  as  cases  in  which  perfect  darkness  is  not  attained, 
as  at  Dedham,  still  it  is  possible  that  some  of  these  cases  may  be  the 
result  of  accidents  in  collection  or  examination.  Thus  the  rinsing 
of  apparatus  after  the  examination  of  one  water  may  have  been 
imperfectly  done  in  some  cases,  so  that  a  few  organisms  may  have 
been  introduced  into  the  second  water  examined.  Such  accidents, 
however,  must  have  been  exceptional. 

Since  the  animals  Are  dependent  upon  the  alga!  for  food,  it  is 
natural  that  their  presence  should  coincide  very  nearly  with  (hat  of 
the  algie. 

Crenothrix,  the  only  fungus  tabulated,  ia  present  in  nearly  all 
classes  of  water.  There  are  many  teu&tiDs  for  believing  that  this 
plant  does  not  possess  the  power  of  organizing  its  food.  Neverthe- 
less, it  occure  in  positions  where  there  are  practically  no  algae.  The 
character  of  its  food  must,  therefore,  be  somewhat  different  from 
that  of  auiuials  with  which  it  has  been  previously  associated.  Ani- 
mals eat  either  whole  plants  or  animals  or  fragments  of  these; 
Crenothrix  thrives  in  positions  where  not  even  fragments  are  to  be 
obtained.  It  is  probable  that,  like  many  of  its  relations,  Crenothrix 
subsists  upon  the  small  amount  of  orgimic  matter  dissolved  in  many 
waters.  In  other  words,  it  is  capable  of  deriving  all  of  its  necessary 
nourishment  from  very  dilute  infusions.  Such  being  the  Ciise,  one 
would  expect  to  find  it  most  abundant  in  water  rich  in  products 
from  decomposing  organisms.  As  a  matter  of  fact,  it  occui*s  most 
frequently  in  surface  water  which  has  Iwen  incompletely  littered. 
In  the  filtration  of  surface  water  great  numbers  of  organisms  are 
lodged  on  or  in  the  filtering  material ;  the  subsequent  death  and 
decomposition  of  these  would  contribute  materially  to  the  amount  of 
organic  substance  dissolved  in  the  water ;  hence  this  wat^r  would  be 
especially  favorable  for  the  growth  of  Crenothrix.   ' 

The  relations  which  the  different  kinds  of  organisms  sustain  to 
their  food  and  the  influence  which  food  exerts  upon  them  in  deter- 


1 


1889.]  WATER  SUPPLY  AND  SEWERAGE.  613 

mining  their  absence  or  presence  have  now  been  sufficiently  dwelt 
upon.  It  remains  only  to  point  out  how  these  facts  can  be  of  service 
in  controlling  tlie  growth  of  organisms  in  water. 

In  the  case  of  ground  supplies,  either  driven  wells,  filter  galleries 
or  springs,  the  water  is  usually  obtainable  free  from  organic  growths. 
In  order  that  it  should  be  preserved  in  this  state  it  is  only  necessary 
that  no  opportunity  should  be  given  for  the  growth  of  organisms. 
If  the  water  is  not  exposed  to  the  light,  for  reasons  already  given, 
the  growth  of  algte  would  be  prevented.  If  the  growth  of  algce  is 
prevented,  it  is  impossible  for  animals  to  thrive,  for  they  are 
dependent  upon  the  algte  for  their  food.  Thus  both  alga>  and  ani- 
mals could  be  excluded.  The  growth  of  a  fungus,  as  for  instance 
Crenothrix,  is  not  so  easily  dealt  with ;  but  any  water  which  at  its 
source  does  not  contain  enough  dissolved  organic  matter  to  support 
a  growth  of  Crenothrix  or  allied  organisms,  and  which  receives  no 
further  additions  of  organic  material  in  its  passage  from  its  source 
to  the  consumer,  ought  to  be  delivered  as  free  from  fungous  growth 
as  when  it  was  first  taken  from  the  ground.  Thus,  in  the  case  of  a 
ground  water  free  from  organic  matter,  contamination  from  the 
growth  of  algaj,  fungi  or  animals  can  be  prevented  by  the  exclusion 
of  light. 

The  position  to  be  taken  in  dealing  with  pure  ground  waters  is 
simply  a  defensive  one  —  avoid  the  light.  To  furnish  surface  waters 
free  from  organisms  the  ofiensive  position  must  be  assumed  ;  for  in 
this  case  the  source  of  the  water,  be  it  pond  or  river,  is  usually 
already  impure  from  organic  growth.  In  dealing  with  surface  waters 
two  objects  are  to  be  accomplished :  first,  the  water  must  be  freed 
from  the  organisms  which  it  contains ;  and,  second,  it  must  be  pro- 
tected so  that  further  growth  is  impossible.  The  only  effective 
means  that  I  know  of  by  which  organisms  can  be  removed  in  quan- 
tities from  water  is  filtration.  The  possibility  of  filtering  a  sufficient 
quantity  of  water  to  meet  the  requirements  of  the  larger  towns  and 
cities  is  indeed  a  serious  question,  but  it  belongs  rather  to  the 
province  of  a  civil*  engineer  than  a  biologist.  Suffice  it  to  say  that 
a  layer  of  fine  sand  an  inch  in  thickness  is  of  itself  a  sufficiently 
good  filter  to  remove  all  of  the  algce  and  animals  from  a  water  as 
rich  in  organisms  as  the  Cochituate  water  of  Boston  (see  the 
following  experiment  on  the  growth  of  sponges).  It  will  be 
recalled  that  the  filtration  of  surface  water  by  means  of  sand  or 
gravel  filters  is  sometimes  attended  with  a  growth  of  Crenothrix. 
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As  I  have  previously  mentioned,  thia  growth  take  pkce  especially 
wben  the  filtration  ia  rapid  and  more  or  less  incomplete.  If  the  fil- 
tration could  be  accomplished  more  slowly,  so  that  the  surface  water 
could  completely  undergo  those  changes  which  convert  it  into  a 
ground  water,  there  is  very  little  doubt  but  that  the  growth  of 
Crenothrix  in  the  filters,  or  subsequently  in  the  water  itself,  would 
be  insignificant. 

Once  having  freed  the  surface  water  from  its  organisms  and 
organic  impurities,  its  subsequent  treatment  ia  essentially  the  same 
as  that  for  a  ground  water.  In  order  to  preserve  it  free  from  organic 
growth  it  is  only  necessary  to  protect  it  from  the  light.  The  general 
plan  for  dealing  with  surface  waters,  then,  coni^iats  in  converting 
them  into  ground  waters  by  slow  filtration  and  then  protecting  them 
from  the  further  growth  of  organisms  by  excluding  the  light. 

The  methods  of  improvement  herein  suggested  have  to  8ome 
extent  received  experimental  confirmation. 

The  desirability  of  preventing  the  exposure  of  ground  waters  to 
the  light  has  been  fully  demonstrated  in  the  case  of  the  high-service 
tank  at  Brookline  (see  nineteenth  annual  report  of  the  Statfi  Board 
of  Hejilth  of  Masanchuaetts,  p.  89).  It  may  here  be  remttrked  that 
this  tank  has  remained  covered  since  the  first  experiment  was  made, 
and  that  no  objectionable  growth  has  as  yet  appeared  in  it.  I 
have  not  subjected  to  an  actual  test  the  plan  suggested  for  the 
improvement  of  surface  waters  by  filtration ;  but  the  experiment 
made  on  sponges  bears  on  this  question. 

VI, — The  Growth  of  Sponge,s  in  Water  Supplies. 

In  order  to  understand  the  more  characteristic  habits  of  sponges, 
a  slight  knowledge  of  their  structure  ia  essential.  A  brief  account 
of  the  anatomy  of  a  sponge  forms,  therefore,  an  appropriate  intro- 
duction to  the  consideration  of  the  present  topic. 

Fresh-water  sponges  occur  as  thin  incrustations  on  objects  which 
are  permanently  submerged  in  water.  They  arc  usually  from  a 
■quarter  to  three-quarters  of  an  inch  in  thickness,  and  form  irregular 
patches  a  foot  or  less  in  diameter.  Under  favorable  circumstances, 
however,  sponges  can  spread  over  areas  many  feet  in  extent,  so 
that  they  can  scarcely  be  said  to  have  a  characteristic  limit  in  size. 
Although  at  times  they  extend  over  large  areas  they  do  not  thicken 
proportionally,  but  retain,  i-ather,  the  general  form  of  relatively 
thin  incrustations.  Occasionally  they  produce  finger-like  projec- 
tions, and  these  can  attain  even  the  length  of  several  inches. 
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A  more  careful  examination  of  the  somewhat  uneven  outer  surface 
of  a  sponge  shows  it  to  be  marked  here  and  there  by  elevations 
which  resemble  in  form  small  volcanic  cones.  Each  cone  is  pro- 
vided with  a  central  crater  penetrating  the  substance  of  the  sponge. 
The  sides  of  the  cones,  as  well  as  the  areas  between  neighboring 
cones,  are  perforated  by  an  immense  number  of  fine  pores.  An 
examination  of  a  living  sponge  shows  that  the  water  is  being  sucked 
in  continually  through  these  fine  pores  and  that  a  strong  current  is 
setting  out  from  the  crater-like  opening  or  osculum.  The  soft  sub- 
stance of  the  sponge's  body  is  penetrated  by  a  system  of  canals 
connecting  the  small  lateral  pores  with  the  oscula.  It  is  by  means 
of  delicate  moving  lashes  in  these  canals  that  the  water  is  whipped 
onward  to  the  oscula  and  new  water  is  drawn  in  at  the  pores.  One 
of  the  chief  purposes  of  this  system  of  tubes  is  to  enable  the  sponge 
to  get  its  food.  The  water  entering  the  fine  pores  usually  contains 
many  microscopic  organisms,  and,  while  passing  through  the  canals 
in  the  body  of  the  sponge,  many  of  these  organisms  are  caught  and 
assimilated  by  the  livmg  walls  of  the  tube. 

From  what  has  been  said  on  the  structure  of  sponges  two  pecu- 
liarities in  their  method  of  occurrence  can  be  explained.  Sponges 
do  not  thrive  well  in  quiet  water.  They  are  firmly  attached  to  the 
objects  on  which  they  rest,  and  they  can  create  currents  of  only 
limited  extent  in  the  surrounding  water.  If,  then,  this  water  be  at 
rest  or  very  sluggish  in  its  movements,  the  supply  of  food  which  it 
contains  would  soon  be  exhausted  and  the  sponge  would  be  in  danger 
of  starvation.  General  movements  in  the  water  are,  therefore,  nec- 
essary to  carry  food  to  the  sponge,  and  consequently  sponges  thrive 
best  in  running  water.  A  second  peculiarity  of  the  sponge  is  that 
it  very  seldom  occurs  on  submerged  sui*faces  which  face  upward. 
This  peculiarity  is  due  to  the  fact  that,  even  in  apparently  clear 
water,  there  is  usually  more  or  less  sedimentation,  and  the  falling 
of  sediment  on  a  sponge  so  clogs  its  smaller  pores  as  to  render  them 
useless.  Sponges  in  positions  where  their  pores  can  be  filled  with 
sediment  are  thus  easily  killed,  and  it  is  usually  only  on  submerged 
surfaces  Tvhich  face  downward,  or  which  at  least  have  no  upward 
exposure,  that  these  organisms  thrive. 

The  color  of  sponges  varies  from  light  ochre  to  dark  brown,  gray 
or  greenish.  Greenish  sponges  contain  chlorophyl,  the  green  color- 
ing matter  found  in  green  plants ;  and,  like  these  plants,  green 
sponges  grow  only  in  situations  accessible  to  the  light. 
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The  living  substance  of  the  sponge  is  soft  and  unreaisting,  but  it 
ig  penetrated  in  all  directions  by  an  immense  number  of  microscopic 
flinty  Qcedleij  or  spicules.  Tlieae,  like  the  bones  of  the  higher  ani- 
mals, play  the  part  of  a  supporting  skeleton.  At  the  death  of  a 
sponge  the  softer  parts  decay  and  the  spicules  are  liberated.  The 
spicules  are  almost  indestructible,  and  consequently  can  be  carried 
long  distances  in  currents  of  water.  They  afford  indisputable  evi- 
dence of  a  growth  of  sponge.  Different  kinds  of  sponges  are  dis- 
tinguished by  different  kinds  of  spicules.  The  characteristic  spicules 
are  not,  however,  the  common  spicules  of  the  sponge's  body,  Imt 
spicules  which  surround  the  winter  buds  or  gemmules. 

At  different  seasons  of  the  year  the  sponge  presents  very  different 
appearances.  Vigorous  growths  of  young  sponge  are  noticed  first 
in  early  summer.  _  They  continue  to  increase  in  size  till  early  fall, 
when  they  reach  their  maximum  growth.  During  this  summer 
period  of  excessive  activity  more  or  leas  decay  is  going  on,  and  with 
decay  comes  "the  liberation  of  spicules.  In  the  fall  tlie  sponge 
becomes  less  vigorous  in  appearance,  and  small  parts  of  its  flesh 
separate  from  the  rest  and  are  surrounded  by  a  layer  of  peculiarly 
shaped  spicules.  The  little  bodies  thus  formed  are  called  gemmules 
and  are  about  the  size  of  small  grains  of  sand.  After  their  formation 
the  rest  of  the  sponge  dies  and  wastes  away,  the  gemmules  hein^ 
left  imbedded  in  the  mass  of  spicules  representing  the  dead  body  of 
the  sponge.  In  this  way  the  gemmule  rests  over  winter,  and  in  the 
following  spring  its  living  contents  emerge  from  the  protecting  cov- 
ering, and,  together  with  living  material  from  many  other  similar 
gemmules,  begin  a  new  sponge  structure  on  the  site  of  last'  year's 
growth.  Thus  it  is  seen  that  the  sponge  is  active  in  the  summer  and 
fall  and  tjuiescent  in  winter  and  early  spring. 

The  species  of  American  fresh-water  sponges  are  numerous,  and 
for  an  account  of  these  the  reader  is  referred  to  a  paper  entitled 
"Fresh-Water  Sponges;  a  Monograph,"  by  Edward  Potts  (Pro- 
ceedings Acad,  Nat.  Sciences,  Philadelphia,  1887,  pp.  158-279, 
plates  v-xii.). 

The  time  of  year  when  sponge  spicules  are  most  generally  met 
with  lias  already  been  pointed  out  in  the  tables  of  seasonal  dis- 
tribution. It  will  be  remembered  that  sponge  spicules  were  most 
generally  present  in  August,  and  that  they  were  least  frequently 
noticed  in  January.  The  following  table,  which  is  made  from  those 
showing  the  distribution  of  organisms  in  the  water  of  Boston  and 
Charlestown,  presents  essentially  the  same  features:  — 
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Sponge  spicules  were  generally  present  in  the  water  of  these 
supplies  from  July  to  December.  For  the  remainder  of  the  year 
they  were  only  sparingly  found  at  rather  irregular  intervals.  It 
will  thua  be  observed  that  the  period  when  spicules  were  frequently 
met  with,  namely,  from  July  to  December,  corresponds  very  closely 
with  what  has  been  described  as  a  period  of  active  growth,  namely, 
during  the  summer  and  fall. 

After  having  ascertained  the  presence  of  spicules  in  the  water  of 
Boston  and  Charlestown,  it  was  a  question  of  some  interest  to  locate 
the  growth  of  sponge.  In  order  to  do  this  the  water  which  waa 
about  leaving  the  reservoir  to  enter  the  mains  was  carefully  exam- 
ined. In  the  examination  of  the  water  from  both  Chestnut  Hill  and 
College  Hill  reservoirs  no  traces  of  spicules  were  discovered.  Since 
at  this  time  (Ju]y,1887)spiculGswereabundant  in  the  water  delivered 
in  both  Boston  and  Charlestown,  it  was  concluded  that  in  both 
systems  the  growth  of  sponge  was  somewhere  in  the  pipes  between 
the  reservoirs  and  the  points  of  delivery. 

After  this  conclusion  as  to  the  location  of  the  sponge  was  reached 
DO  further  steps  were  taken  until  it  was  ascertained  that,  on  account 
of  a  change  in  level  of  a  street,  certain  of  the  Boston  mains  were  to  be 
opened.  One  of  the  large  mains  was  disconnected  about  one  mile 
from  Chestnut  Hill  Reservoir.  It  was  examined  Nov.  22,  1887, 
and  was  found  to  contain  two  oi^anisms :  a  sponge,  Tubella  Penn- 
sylvanica  (Potts) ,  and  a  snail  of  the  genus  Physa.  The  sponge,  after 
the  escape  of  the  water  from  the  pipe,  had  of  coarse  dried  and  was 
consequently  dead ;  some  of  the  snaib  were  alive,  others  dead. 
The  sponge  was  limited  to  the  upper  two-thirds  of  the  pipe  and 
covered  about  three-fourths  of  that  surface,  or  about  one-half  of 
the  total  inner  surface  of  the  pipe.  The  absence  of  the  sponge 
from  the  bottom  of  the  pipe  was  probably  due  to  the  effect  of 
sedimentation,  which  has  already  been  explained.  Most  of  the 
sponges  were  thin  incrustations,  but  occasionally  iinger-like  pro- 
jections extended  out  from  the  surface  of  the  pipe.  These  always 
pointed  in  the  direction  of  tbe  current  in  the  pipe.     For  the  most 
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part  gemmules  had  beeu  formed  ;  and  the  sponges  in  the  pipe  were 
in  the  same  stage  of  development  as  those  in  open  water.  The 
particular  form  iu  which  the  sponges  grew  was  interesting.  Many 
of  them  were  in  circles,  the  central  area  of  which  was  covered  will 
a  few  rust-covered  spicules.  They  had  evidently  started  to  grow 
from  a  centre,  which  in  time  had  died  and  decomposed,  leaving 
only  the  periphery  alive.  The  snails  found  in  the  pipes  were  small 
in  size  and  apparently  dwarfed.  There  was  on  an  average  ona 
snail  for  every  three  feet  in  length  of  the  pipe. 

The  presence  of  sponge  in  the  principal  mains  of  the  Boston 
system  ia  beyond  dispute,  hut  whether  tlie  growth  extends  to  the* 
smaller  pipes  or  not  is  an  open  question.  The  examination  of  the 
scrapings  from  the  interior  of  a  pipe  at  the  corner  of  Fourth  and  I* 
streets.  South  Boston,  showed  no  sponge  spicules.  The  pipe  was 
twelve  inches  in  diameter  and  had  been  iu  use  since  I860,  This 
would  I'ather  indicate  that  the  growth  of  sponge  is  limited  to  the 
larger  pipes. 

There  can  be  no  doubt  that  a  growth  of  sponge  in  the  pipes  of  a 
water  supply  is  an  objectionable  feature.  The  slow  hut  continu&I 
disintegration  of  the  sponge  probably  plays  a  considerable  part  in 
the  production  of  disagreeable  odors  and  tastes, 

In  attempting  to  find  some  effectual  means  by  which  the  growth, 
of  the  sponge  can  be  checked,  or  possibly  completely  prevented,  it 
is  important  to  bear  in  mind  that  sponges,  as  well  as  all  other 
animals  in  the  pipes,  are  dependent  for  their  food  upon  organic 
material  carried  to  them  by  the  water.  The  food  thus  supplied 
consists  of  a  few  microscopic  animals  and  a  great  number  of  equally 
small  plants.  If  this  supply  of  food  could  be  cut  off  by  filtration, 
then  it  wAuld  be  but  natural  to  expect  the  death  of  all  organisms 
dependent  upon  it.  In  order  to  test  the  soundness  of  this  conclusion 
the  following  experiment  was  made. 

Two  pieces  of  glass  tubing,  about  one  and  a  half  inches  in  diam* 
eter  and  two  feet  long,  were  so  arranged  that  a  continuous  current 
of  water  could  be  passing  through  them.  Next  to  the  upper  surface 
of  the  inside  of  each  tube  a,  piece  of  wood  with  some  sponge  grow- 
ing on  it  was  suspended.  The  species  of  sponge  used  was  Meyenia 
fluviatilis  (Auct).  Care  was  taken  that  the  sponge  should  be  in  its 
normal  position;  i.e.,  oscula  directed  downward.  The  sponge  was 
introduced  into  the  tubes  Saturday,  Juno  23,  at  eleven  A.M-.aud  the 
water  set  running  in  each  tube  at  the  rate  of  840  cubic  centimeters  per 
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minute.  On  Monday,  June  25,  both  pieces  of  sponge  were  in  healthy- 
condition  ;  their  oscula  were  fully  expanded  and  the  action  of  their 
pores  well  established.  The  water  used  in  the  experiment  was  the 
Cochituate  water  of  Boston,  which  at  this  time  of  year  contained  an 
abundant  supply  of  alga?.  At  two  p.m.  on  Monday  a  change  was 
made  in  the  character  of  water  supplied  to  one  of  the  tubes.  The 
water  supplied  to  the  tube  which  can  be  designated  as  tul:)e  A,  was 
passed  through  a  sand  filter  before  it  entered  the  tube.  This 
operation  removed  all  the  algaj,  but  in  other  respects  left  the  water 
essentially  as  before  the  chdtige.  Tube  B  was  still  supplied  with 
unfiltered  water.  On  account  of  the  slowness  of  filtration  the  rate 
of  flow  in  Tube  A  was  reduced  to  120  cubic  centimeters  per  minute. 
In  order  that  the  sponge  in  Tube  B  should  not  have  an  advantage 
over  that  in  Tube  A,  the  flow  of  unfiltered  water  in  B  was  reduced 
to  100  cubic  centimeters  per  minute.  From  time  to  time  the  water 
from  Tube  A  was  examined  to  ascertain  whether  the  filter  was 
removing  all  the  algae  or  not.  No  algce  were  noticed  in  it.  In  this 
w^ay  the  experiment  was  continued  till  Thursday,  June  28,  when 
the  oscula  of  the  sponge  supplied  with  filtered  water  had  disappeared 
and  the  sponge  itself  was  very  considerably  whitened.  The  other 
sponge  (B),  although  apparently  not  so  healthy  as  at  first,  still 
extended  its  oscula  and  showed  indications  of  life.  On  Thursday  at 
nine  a.m.  each  tube  was  supplied  with  unfiltered  water  at  the  rate 
of  900  cubic  centimeters  per  minute.  On  Saturday,  June  30,  the 
sponge  in  Tube  A  had  for  the  most  part  decomposed  and  disap- 
peared, while  that  in  Tube  B  had  become  as  flourishing  as  it  was 
originally. 

The  result  of  this  experiment  supports 'the  statement  already 
made,  that,  since  the  sponge  depends  upon  the  microscopic  alga?, 
etc.,  for  its  food,  it  will  not  grow  in  any  water  free  from  them,  and 
wherever  it  exists  their  removal  will  bring  about  its  death. 

Not  only  is  this  true  of  sponges  but  there  is  reason  to  believe  that 
it  is  true  of  all  animals  which  inhabit  the  pipes,  for  they  all  are 
dependent  for  their  food  upon  organisms  carried  into  the  pipes  with 
the  water.  Thus  eflScient  filtration,  if  applied  to  the  water  as  it 
passes  from  the  reservoir  into  the  distributing  pipes,  would  not  only 
remove  organisms  from  the  water  itself,  but,  provided  the  water  were 
not  again  exposed  to  the  light,  it  would  prevent  a  growth  of  animals 
in  the  pipe. 

Further  investigations  in  the  direction  indicated  by  the  experiment 
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on  the  sponge  are  desirable  both  by  way  of  confinning  the  present 
experiment  and  also  by  determining  quantitatively  the  amount  of 
algje  which  must  be  removed  before  the  death  of  the  sponge  follows. 
It  is  possible  that  a  removal  of  a  part  of  the  algee  might  result  in  as 
complete  a  mastery  over  the  sponge  as  the  removal  of  all. 

Respectfully  submitted, 

G.  H.  PARKER. 

Camb&idob,  Mass.,  December^  1889. 
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EXAMINATIONS  OF  WATER  SUPPLIES  AND  INLAND  WATERS. 


The  duties  of  the  engineer  in  connection  with  this  work  have 
been  to  determine  under  the  general  direction  of  the  Board  where 
samples  of  water  should  be  collected,  to  arrange  for  their  regular 
and  systematic  collection,  and  to  obtain  information  regarding  the 
physical  characteristics  of  the  water  supplies  and  rivers  examined, — 
such  as  the  density  of  population  on  drainage  areas,  amount  of 
polluting  matter  entering  the  streams,  volume  of  water  flowing,  and 
temperature  of  water.  Much  of  the  information  obtained  is  given 
in  preceding  portions  of  this  report. 

The  results  of  chemical  and  biological  examinations  reported  to 
the  board  have  been  tabulated  by  towns  and  sources,  and  studied 
to  determine  their  relations  to  existing  physical  conditions  and  to 
troubles  with  the  quality  of  the  waters  prevailing  from  time  to 
time ;  also  to  determine  in  what  directions  further  investigations 
were  desirable,  and  where  those  already  begun  should  be  extended, 
diminished  or  discontinued. 

In  this  work,  and  in  the  preparation  of  much  material  for  this 
report,  I  have  had  as  principal  assistant  Mr.  X.  H.  Goodnough, 
and  as  otlier  assistants  Messrs.  A.  T.  Safford  and  A.  N.  Wahlberor. 
At  the  beginning  of  the  work,  when  a  larger  force  was  required, 
Prof.  George  F.  Swain  of  the  Massachusetts  Institute  of  Technology 
and  Mr.  Henry  D.  Woods  were  temporarily  engaged.  Gauges  for 
recording  the  flow  of  the  streams  were  established  by  Mr.  Richard 
A.  Hale,  and  the  volumes  flowing  were  estimated  by  him. 

As  a  first  step  toward  the  collection  of  statistics,  the  following 
circular  and  blank  were  prepared  :  — 

Office  of  Statb  Board  of  Health, 

13  Beacon  Stseet,  Boston,  May  23,  1887. 
To 

The  State  Board  of  Health  intends  to  make  monthly  analyses  for  the 
ensuing  year  of  waters  used  for  domestic  supplies  within  the  State,  and 
in  connection  therewith  desires  to  obtain  general  inf  oimation  respecting  the 
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Beveral  vater  supplies.  It  therefore  reqaests  that  you  will  send  sacb 
printed  infomiatiou  as  you  can ;  particularly  reports  describiog  the  con- 
fitructioQ  of  your  works,  the  occurrence  of  any  unusual  tastes,  or  growths 
of  vegetation  in  or  upon  the  water,  or  of  any  general  disease  afiecting  the 
fish  in  the  streams,  ponds  and  re3er\-oira. 

An  answer  is  requested  to  such  of  the  questions  in  the  accompaDying 
blank  as  are  applicable  to  your  works. 

Tbe  library  of  the  Board  now  contains  the  reports  mentioned  below. 


Respectfully  yo: 


F.  P.  Steakns, 

Eiu/inetr,  Slai 


I  Board  of  Health, 


CoiniosfwEALTH  OF  Massachusetts, 

Statb  Boabd  of  Heslth. 
Please  fill  out  such  portions  of  this  blank  as  are  applicable  to  your 
works,  and  forward  to  F.  F.  Stearns,  Engineer,  State  Board  of  Health, 
13  Beacon  Street,  Boston. 

Some  of  the  blanks  have  been  filled  from  information  now  in  the  posaes- 
sion  of  the  Board  ;  please  correct  if  wr 


-  188 


(Ifn 


t  all  built  at  c 


1.  Name  of  city  or  town, 

2.  Populalion,  1885. 

3.  Date  when  works  were  built, 
additions  were  made,  and  when.) 

4.  By  whom  are  works  owned  P 

5.  Source  or  sources  of  water  supply. 

6.  Area  of  watershed  supplying  such  source  or  sources. 

7.  General  geological  and  topographical  character  of  the  watershed. 

8.  Sloile  of  supply,  whether  by  gravity  or  pumping,  and  whether  distributing 
reservoir  or  tank  is  used. 

9.  General  description  of  storage  and  ilistrjbuting  reservoirs,  —  natural  or 
artificial,  how  conatnicted,  area  of  water  surface,  capacity,  character  of  bottom, 
amount  of  shallow  flownge,  etc. 

10.  Does  all  water  pumped  go  through  the  distributing  reservoir  or  tank  ? 

11.  What  portion  of  the  water  pumped  goes  into  the  distributing  reaervoirP 

12.  ^Ticlher  or  not  the  water  is  delivered  into  the  disiributing  reservoir  at 
one  side  and  drawn  out  at  the  other. 

13.  Number,  kind,  size  and  depth  of  wells  used  as  ; 

14.  Describe  filter  galleries  or  basins,  and 

15.  Daily  average  capacity  of  works  in  dry  year. 

16.  Daily  average  consumption. 

17.  Number  of  persons  using  the  water. 

18.  Is  water  supplied  to  any  one  outside  of  your  town  or  city  P 


3  of  water  supply, 
if  any,  with  stream. 
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19.  Material  of  distributing  mains. 

20.  Material  of  service  pipes. 

21.  Does  the  water  supply  receive  sewage,  drainage  from  factories  (mention- 
ing kind),  or  other  pollutions? 

22.  If  there  have  been  any  bad  tastes  in  the  water,  or  excess  of  vegetable 
growth,  or  if  the  fish  have  been  generally  affected,  and  such  occurrences  are  not 
fully  described  in  printed  reports,  please  describe  the  same,  and  the  remedy 
adopted,  if  any. 

23.  Have  analyses  of  water  from  the  present  source  been  made  ?  By  whom  ? 
When  P    If  not  given  in  printed  reports,  please  furnish  copy  of  same. 

24.  Have  records  of  the  temperature  of  the  water  been  taken  in  the  past  ?  If 
not  printed,  will  you  furnish  copies,  if  blanks  are  sent  ? 

25.  Will  you  keep  records  of  the  temperature  of  water  in  the  future,  if  a  ther- 
mometer and  blanks  are  furnished  P 

26.  Will  you  furnish  samples  of  water  for  analysis  each  month,  and  forward 
at  stated  times  by  express,  if  bottles  are  supplied  P 

27.  To  whom  shall  future  correspondence  be  addressed. 

28.  Name  and  address  of  collector  of  samples. 

29.  Name  of  express  company. 

80.    Name  of  person  furnishing  this  information. 

In  addition  to  the  information  obtained  from  these  returns,  all 
public  water  supplies  have  been  visited  one  or  more  times  by  the 
engineers  of  the  Board,  and  complete  sets  of  reports  have  been  ob- 
tained and  examined.  In  all  of  these  investigations  we  have  been 
greatly  aided  by  the  water  works  superintendents  and  others,  who 
have  kindly  co-operated  by  collecting  and  forwarding  samples  of 
water,  by  taking  such  observations  as  were  desired,  and  by  promptly 
responding  to  requests  for  information. 

In  arranging  where  samples  should  be  collected,  care  has  been 
taken  not  only  to  get  samples  from  which  the  present  quality  of  the 
waters  misjht  be  determined  and  a  standard  obtained  for  future  com- 
parisons,  but  also  to  determine  general  laws  affecting  the  quality  of 
water  obtained  or  stored  under  different  conditions.  For  instance, 
samples  have  been  taken  so  that  the  ground  water  of  filter  galleries 
and  wells  can  be  compared  with  the  surface  water  of  adjacent  ponds 
and  streams ;  other  samples  show  the  effect  of  storing  ground  or 
surface  waters  in  open  reservoirs  or  in  open  or  covered  tanks ; 
others,  a  comparison  between  water  entering  a  storage  reservoir 
and  after  standing  in  it ;  and  others,  the  quality  of  water  taken  from 
a  pond  or  reservoir  at  different  depths.  The  results  of  these  investi- 
gations will  appear  in  a  subsequent  portion  of  this  report. 
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WATER  SUPPLY  STATISTICS. 


The  following  sammary  of  water  supply  statistics  representB  the 
conditions  esistiug  at  the  end  of  tho  year  ISSS).  The  State  then 
contained  25  cities  and  32G  towns.  Out  of  this  number,  all  of  the 
cities  and  107  towns,  a  total  of  132  places,  were  wholly  or  in  part 
provided  with  public  water  supplies.  This  statement  doe8  not 
include  a  number  of  towns,  mostly  in  the  western  part  of  the  State, 
where  several  families  are  supplied  through  a  small  pipe,  hy  some 
individual  or  corporation,  with  water  from  a  spnng  or  stream  on 
the  neighboring  hills ;  nor  others,  where  a  manufacturing  village 
is  supplied  with  water  pumped  at  a  mill. 

The  following  table  gives  a  classification  by  population  of  cities 
and  towns,  having  and  not  having  public  water  supplies,  Dec.  31, 
1889,     The  populations  are  taken  from  the  census  of  1885  :  — 
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From  the  totals  given  in  this  table  it  will  be  seen  that,  although 
but  37.6  per  cent,  of  the  cities  and  towns  in  the  State  have  a  public 
supply,  yet  the  total  population  of  the  places  supplied  represents  83 
per  cent,  of  the  whole  population  of  the  State.  In  this  estimate  of 
the  population  of  the  municipalities  supplied,  all  of  the  inhabitants 
in  them  are  included,  and  it  consequently  includes  more  than  the 
actual  number  of  persons  to  whom  a  public  water  supply  is  available  ; 
the  difference,  however,  is  not  large.  There  are  now  but  two  towns 
which  had  in  1885  a  population  exceeding  4,500  which  are  not  pro- 
vided with  a  public  water  supply;  the  works  in  one  town  having 
been  completed  since  the  date  of  the  table.  Where  the  population 
exceeds  3,500  the  majority  are  supplied,  while  below  this  the  reverse 
is  true.  In  some  important  towns  the  supply  is  limited  to  but  one 
of  several  villages. 

In  the  State  there  are  128  sources  of  public  water  supply,  count- 
ing as  a  source  each  separate  system  of  water  works,  and  each  of  the 
sources  used  in  connection  with  any  particular  system  when  essen- 
tially different  in  character.  This  does  not  agree  exactly  with  the 
number  of  municipalities  suppliecl ;  since  in  many  cases  a  city,  town 
or  company  supplies  several  places,  while  in  others  a  city  or  town 
has  several  sources  of  supply.  These  sources  may  be  divided  as 
follows :  — 

Ground  Water  Sources. 

Springs, 13 

Large  wells, 20 

Tubular  wells, 7 

Filter-galleries, 10 

Filter-basins, 4 

Total, 64 

Surface  Water^  Sources. 

Artificial  storage  reservoirs, .38 

Natural  ponds, 32 

Streams, .4 

Total, 74 

The  line  of  separation  between  the  different  classes  is  somewhat 
indefinite.  A  filter-gallery  or  well  on  the  banks  of  a  stream  may 
each  furnish  water  of  identically  the  same  character,  while  another 
well  may  furnish  the  water  of  a  natural  spring  which  it  has  replaced. 
Natural  ponds,  by  having  their  level  raised,  may  flow  extensive 
meadows,  and  so  become  less  satisfactory  reservoirs  than  those  that 


628                WATER  SUPPLY  AND   SEWERAGE.            [Dec. 

are  wholly  artificial.     Tubular  wells  are  frequently  sunk  in  the  bot- 
toms of  large  wells  or  filter-basins,  with  the  view  of  increasing  the 
supply  of  water ;  and  in  other  ways  the  classification  is  somewhat 
complicated  ;  yet  it  furnishes  a  fair  idea  of  the  sources  from  which 
the  water  supply  of  the  State  is  obtained.     In  the  next  table  the 
varioua  water  supplies  are  classified  according  to  the  dates  wheu  a 
fairly  complete  system  of  water  supply  was  first  introduced  into  a 
city  or  town. 

YlAM. 

*''™™°''   ■ 

P     rt         U.18S0 

\ 

; 

ISSO-ISM  Is  1    1 

ToW 

-   1 

This  table  shows  the  activity  in  water  works  construction  since 
1870.     Before  that  time  the  total  number  of  municipalities  supplied 
was  twenty,  or  less  than  one-sixth  of  the  total  number.     More  than 
one-half  of  the  whole  number  have  obtained  a  supply  since  1880. 
No  account  is  taken  of  impoi-tant  additional  supplies  which  have 
been  provided  in  many  cases. 

Of  the  25  cities  in  the  Commonwealth,  21,  having  a  total  popolar- 
tion  in  1885  of  1,042,032,  own  their  water  works  ;  while  4,  having 
a  total  population  of  69,359,  are  wholly  supplied  by  private  com- 
panies.    Of  the  107  towns  having  a  public  water  supply,  58,  with  a 
total  population  of  301 ,319,  are  supplied  from  their  own  works ;  and 
49,  with  a  total  population  of  199,832,  by  private  companies.     In 
this  classification  no  account  is  taken  of  secondary  supplies  of  email 
importance  which  exist  in  many  places.     The  total  population  in 
both  cities  and  towns  owning  their  works   is   1,343,351,   against 
269,191  in  those  supplied  by  private  companies. 

Rainfall. 
The  amount  of  rainfall,  by  reason  of  its  effect  upon  the  flow  of 
streams  and  the  height  of  water  held  in  reservoirs,  has  an  important 
effect  upon  the  chemical  and   biological  character  of  the  waters. 
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The  effect  is  obviously  greatest  upon  waters  which  are  polluted  by 
sewage,  although  normal  waters  are  often  much  affected  by  a  greater 
or  less  amount  of  rainfall. 

During  the  two  years  covered  by  the  analyses  printed  in  this 
report,  the  rainfall  has  been  unusually  large,  and  it  has  been  favor- 
ably distributed  for  maintaining  a  high  flow  in  the  streams  during 
the  portion  of  the  year  when  the  flow  is  usually  small. 

The  average  annual  rainfall*  in  Massachusetts,  deduced  from  long- 
continued  observations  in  various  parts  of  the  State,  is  43.17  inches. 
From  June,  1887,  to  May,  1888,  inclusive,  the  total  rainfall  was 
47.14  inches,  and  during  the  next  year  it  was  53.74  inches;  there- 
fore, the  excess  on  each  of  these  two  years  was  respectively  3.96 
and  10.57  inches.  Similar  comparisons  by  months  are  given  in  the 
following  table.  The  departure  from  the  normal  is  given  in  bold- 
faced type  :  — f 


Jane, 


July,   . 
Augtist, 
September, 
October, 
Xovember, . 
December,  . 
January,     . 
February,   . 
March, 
April, . 


May, 


o 


a 

h     9 

S  *B 


2  o 


8.81 


8.81 
4.12 
2.90 
3.67 
3.87 
8.40 
3.74 
3.63 
3.87 
3.34 


8.33 


Total I        43.17 


8.42 

6.10 

6.07 

1.56 

2.68 

2.08 

4.10* 

4.  OS 

3.70 

6.82 

2.76 

4.86 


47.13 


+0.11 
+1.» 
+1.95 
-l.« 
-O.W 
-0.89 
+0.81 
+0.34 
+0.07 
+1.95 
-0.58 
+1.53 


+3.98 


2.71 
2.67 
6.36 
8.78 
5.08 
6.85 
5.01 
5.31 
2.05 
2.38 
3.63 
3.02 


a 
o  -s 

M 


-0.60 
-1.14 
+1.23 
+5.79 
+1.41 
+2.98 
+1.52 
+1.57 
-1.58 
-1.48 
+0.29 
_+0.59 
+10.57 


To  enable  the  condition  preceding  the  collection  of  samples  of 
water  in  any  part  of  the  State  to  be  understood,  the  following  tables 
are  presented,  which  give  the  daily  rainfall  in  inches  at  ten  stations 
scattered  about  the  State  :  — 


♦  Includin;?  melted  snow. 

t  Tiii^i  and  subsequent  tables  of  rainfall  have  been  prepared  from  the  records  of  the  New 
England  Meteorological  Society. 
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Daily  Rainfall  at  Ten  Places  in  MassachuseUs,  Qeographically  Selected. 

May,  1887. 


DAT  OF  Month. 

Deerfldd. 

• 

s 

1 

3 

• 

1 

• 

9 

1 

II 

Lawrence. 

• 

S 

s. 

Taunton. 

a 

•3 

1, 
2, 
8. 

- 

* 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4. 
6. 

- 

- 

- 

- 

• 

- 

- 

0.20 

O.IO 

0.08 

O.ll 

. 

- 

. 

. 

— 

7, 

1 

0.15 

0.06 

• 

• 

* 

0.08 

• 

- 

8, 
9. 

10. 

11. 

i 

1 

4. 

- 

0.04 

o.ao 

0.05 

- 

1.00 

.      1 

1 

0.42 

12. 
13. 
14. 
1ft, 

i 

1 

- 

• 

1 

- 

- 

_ 

- 

1 

I 

- 

16. 

1 

^ 

^. 

„ 

_ 

~ 

.. 

^^ 

^^ 

% 

1 

O 

17. 

1 

- 

'A 

- 

- 

- 

- 

- 

- 

18. 

1 

_ 

"* 

/    _ 

_ 

_ 

- 

_ 

- 

19. 
20, 

21. 

1 

- 

- 

- 

- 

- 

- 

\ 

" 

• 

^ 

- 

22. 

o.a5 

- 

- 

- 

- 

- 

- 

- 

23, 

1 

- 

^ 

"* 

- 

- 

- 

24, 

_ 

0.20 

- 

* 

- 

- 

» 

- 

25, 

0.37 

0.10 

0.32 

♦ 

0.09 

0.11 

0.16 

0.37 

0.03 

23. 

O.U 

- 

0.25 

0.21 

0.12 

0.06 

- 

- 

0.03 

27, 

0.01 

- 

0.03 

» 

* 

0.05 

0.01 

- 

28. 

0.7-1 

0.15 

« 

• 

* 

1.35 

0.09 

1.16 

29, 

!     0.06 

0.10 

2.09 

0.70 

1.28 

0.05 

0.02 

30. 

- 

- 

- 

- 

1.45 

- 

- 

- 

31. 

1         -       1 

- 

- 

- 

- 

- 

- 

- 

"" 

Totals,  . 

1 

1.52 

I 

0.85 

- 

2.77 

1.00 

1.09 

1.72 

1.64 

2.30 

1    2.24 

*  PrecipitatloD  included  in  that  of  following  day. 
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Dailt/  Rainfall  at  Ten  Places  in  MassaehuneUs,  Geographically,  Selected. 

June,  1887. 


lUY  OP  Mouth. 

• 

!      2 
1 

Ludlow 

1 

• 

1 

1 

9 

1 
FItchbnrg. 

1 

I 

c 

1 

£ 

a 

• 

e 

8 
t 

J! 

• 

a 

s, 

at 

• 

c 
a 
« 

Now  Bedford. 

1                                                   1 

1. 

1.00 

0.85 

0.45 

- 

0.06 

« 

• 

- 

• 

. 

2, 

0.33 

0.40 

0.41 

1.17 

1.20 

0.07 

0.97 

1.11 

2.08 

1.75 

8. 

0.38 

0.05 

0.07 

0.02 

* 

- 

0.10 

0.08 

0.13 

- 

4, 

- 

* 

. 

0.02 

- 

0.04 

- 

0.04 

" 

5, 

_ 

- 

- 

- 

- 

«. 

- 

- 

- 

- 

i 

- 

- 

- 

_ 

- 

- 

8. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

». 

I 

** 

0.38 

0.01 

- 

- 

- 

0.07 

- 

10. 

i 

1 

- 

- 

- 

- 

- 

- 

- 

11. 

- 

- 

- 

- 

- 

- 

- 

- 

12. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13. 

- 

_,     ff 

- 

- 

- 

- 

- 

- 

- 

14, 

- 

- 

- 

- 

- 

- 

li, 

- 

" 

- 

- 

- 

- 

16, 

- 

- 

- 

- 

- 

• 

~ 

- 

- 

17. 

0.04 

0.15 

0.02 

- 

- 

- 

0.06 

- 

« 

0.10 

18, 

0.03 

0.05 

- 

- 

~ 

- 

- 

« 

0.03 

w. 

;     0.01 

- 

- 

- 

- 

- 

0.06 

- 

20, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21, 

0.06 

- 

- 

0.05 

-* 

- 

- 

- 

- 

22, 

0.25 

0.45 

0.52 

0.22 

0.36 

* 

* 

- 

0.21 

0.04 

23, 

1.03 

2.10 

1.68 

« 

* 

0.27 

0.20 

0.18 

« 

0.18 

24. 

2.65 

1.30 

0.52 

1.02 

0.74 

0.84 

0.86 

0.81 

1.22 

0.»2 

26, 

- 

0.03 

- 

- 

- 

- 

- 

- 

- 

- 

26, 

0.03 

^^ 

*" 

~ 

- 

- 

- 

- 

0.13 

27, 
28, 

1         - 

— 

— 

.. 

- 

— 

— 

: 

_ 

29, 
30. 

1 

1 

- 

- 

- 

- 

: 

- 

-    . 

- 

- 

Totah 

1,      . 

6.81 

6.38 

4.05 

3.34 

2.42 

2.08 

2.23 

2.18 

3.81 

3.15 

*  Precipitation  iDcluded  in  that  of  foliowing  day. 


632 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  Massachusetts^  Oeographicdlly  Selected, 

July,  1887. 


DAT  OF  Month. 

• 

1 

0.14 

j 
Ludlow. 

• 

> 
1 

c 

o 

.A 

51 

i 

Framlngham. 

II 

• 

• 

§ 

1    £ 

1 

• 

§ 

5 

N«w  Bedford. 

1, 

k 

- 

- 

- 

- 

- 

- 

- 

2, 

- 

- 

- 

- 

- 

- 

- 

- 

^ 

- 

3. 
4. 

- 

: 

: 

- 

- 

- 

0.06 

• 

: 

— 

6, 
6, 

0.78 

0.60 

0.37 

0.22 

0.03 

^ 

0.04 

— 

~ 

: 

m 

8. 

0.03 

0.20 

0.02 

- 

- 

- 

- 

0.06    ' 

0.11 

- 

— 

0.80 

« 

— 

-      1 

— 

0.68 

— 

10. 

0.12 

0.15 

0.07 

0.13 

0.74 

* 

0.41 

1 

0.60 

0.54 

1.64 

11, 

O.Ol 

- 

0.02 

_ 

* 

• 

0.22    ! 

- 

0.30 

- 

12, 

- 

- 

- 

- 

0.50 

1.10 

0.5S 

0.2S 

- 

- 

13, 
14, 
15, 

- 

- 

- 

- 

-    1 

- 

- 

- 

- 

- 

0.05 

~      1 

— 

— 

- 

j 

-. 

~. 

— 

Ifi, 

0.19 

0.05 

0.07 

- 

- 

- 

- 

- 

0.04 

IT, 

1.21 

0.40 

1.30     ■ 

0.31 

* 

• 

1 
j 

0.01 

1.48 

0.60 

IS, 

0.07 

1.20 

0.63 

tO.Ol 

0.44 

0.14 

O.ll 

0.04 

- 

- 

19, 

- 

0.05 

0.01 

- 

1 
1 

1 

-      1 

- 

2». 

- 

- 

- 

- 

- 

- 

- 

- 

21, 

o.r>2 

0.20 

.0.03 

0.13 

• 

- 

* 

1 

i 

- 

- 

0.78 

0.45 

0.4S 

0.52 

• 

1.10 

0.43 

1.12 

0.61 

1.00 

23, 

l.Oi 

0.95 

1.33 

« 

» 

0.91 

« 

0.S6 

1.32 

0.03 

24, 

5.39 

1.17 

1.32 

4.51 

2.05 

0.18 

1.58 

1 

0.03 

0.05     i 

- 

25, 

0.05 

0.05 

_ 

** 

- 

0.18     1 

- 

i 

- 

26, 

0.04 

- 

O.OS 

0.07 

- 

- 

- 

- 

— 

27, 

- 

0.20 

0.01 

- 

- 

- 

- 

- 

- 

28, 

~ 

' 

- 

- 

- 

- 

0.78 

- 

- 

29. 

0.19 

0.10 

0.22 

0.48 

■    0.25 

0.20 

0.07 

- 

- 

- 

30, 

- 

0.02 

1 

- 

1 

1 

- 

- 

- 

31, 

0..37 
10.60 

6.67 

1 

- 

1 

1 

- 

! 

- 

1.29 

0.19 

TotaU, 

6.06 

7.23 

3.81 

3.0J 

3.68 

3.70 

6.25 

3.61 

*  rrcclpltatlou  included  in  that  of  following  day. 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


Gas 


Daily  Rainfall  at  Ten  Place*  in  MasscuAtuetts,  OeographiecUly  Selected. 

Atigtist,  1887. 


DAT  OF  MOSTTH. 

• 

1 

1 

• 

1 

5 

OilbertTlUe. 

I? 

a 
.a 

• 

a 

I 

a 

Chestnut  Bill, 
Boston. 

s 

i 

3 

• 

S 
«* 

00 

• 

1 

c 
a 
m 

New  lledford. 

1. 

- 

0.10 

- 

- 

- 

- 

- 

- 

- 

0.72 

0.55 

0.30 

0.17 

0.87 

0.36 

0.12  * 

0.24 

0.07 

2.62 

3. 
5. 

1.S8 

0.60 

0.33 

- 

- 

- 

- 

- 

- 

- 

0.01 

. 

. 

. 

. 

- 

— 

- 

6. 
8. 

0.21 

0.30 

0.46 

0.30 

0.11 

0.13 

2.08 

0.17 

0.04 

-      1 

- 

9. 
10. 

11.         . 

0.73 

0.20 

0.46 

0.68 

0.75 

0.38 

* 

0.29 

0.22 

- 

12. 
13. 

— 

— 

— 

— 

— 

— 

o.u 

— 

0.07     I 

0.48 

u. 

15. 
1«. 
17. 

- 

: 

- 

: 

- 

- 

- 

: 

1 

0.01 

_ 

_ 

_ 

_ 

_ 

_ 

. 

— 

_ 

_ 

18. 

1.00 

2.70 

- 

2.73 

0.93 

0.46 

3.29 

0.36 

0.49 

0.03 

19.         . 

- 

2.80 

- 

-      1 

1 

- 

- 

0.13 

20. 

0.39 

0.12 

- 

0.33 

0.20 

0.62 

0.20 

0.79 

0.04 

0.18 

-1. 
22. 

2.06 

1.00 

0.12 

8.22 

m 

1 

• 

2.27 

2.62 

1 

1.86 

— 

23, 

- 

0.23 

0.20 

1.19 

* 

.   1 

• 

0.36 

1 

0.70 

- 

24. 

- 

1.40 

0.14 

0.01 

1.65 

l.W 

* 

0.86 

0.96 

- 

25.         . 

26. 

1 
1 

— 

0.10 

•: 

— 

: 

— 

1.67 

— 

0.04     : 

1 

3.i6 

27. 
28. 

j        ^ 

- 

— 

— 

— 

— 

- 

- 

1 

— 

29. 

« 

- 

- 

0.26 

0.13    ! 

( 

- 

1 

1 

0.06 

1 

- 

- 

30, 

• 

O.Ol 

0.10 

- 

0.07     1 

1 

0.21 

"        t 

0.06 

1 

0.66 

- 

31, 

• 

0.04 

- 

6.03 

1 

- 

- 

- 

1 

1 

ft.  15     ' 

- 

Toti 

lis,  . 

6.54 

1 

7.30    ' 

i 

9.77 

4.62 

3.63 

1 

10.23 

6.68  ; 

6.61 

*  rreclpltatlon  Included  in  Uiat  of  following  day. 


634 


WATER  SUPPLY  AXD   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  Massachuseits,  Geographically  Selected. 

September^  1887, 


i    -^ 

Day  or  Month.    '       "Z 

1 

1 

• 

a 

• 

a 

> 

a 
0 

a 
SI 

• 

a 
e 

a 
=  s 

8 

:3 

• 

1 
s 

• 
mm 

a 

5 

'A 

1, 

,  1 

1 

. 

- 

- 

- 

. 

- 

- 

2. 

t 

•  1 

0.05 

- 

- 

0.01 

- 

- 

- 

• 

3. 
6. 

.  1 

1 

1        _ 

- 

- 

- 

- 

- 

- 

- 

0.04 

1 

- 

— 

— 

— 

— 

0.13 

. 

— 

«. 

I 

- 

- 

- 

- 

• 

0.15 

- 

•• 

.  1    0.S5 

0.35 

0.68 

1.75 

0.53 

0.61 

0.22 

- 

0.90 

0.11 

8. 

i     - 

0.25 

0.02 

- 

- 

- 

2.26 

- 

0.01     1 

- 

». 

- 

- 

- 

- 

- 

- 

- 

0.21 

-      1 

- 

10, 

0.10 

0.10 

0.15 

0.09 

0.18 

0.24 

0.22 

- 

0.15 

0.04 

11.         . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12. 

>    . 

0.25 

0.20 

0.33 

* 

* 

0.32 

• 

0.16 

♦ 

- 

13, 

» . 

0.37 

0.10 

0.07 

1 

0.41 

• 

- 

• 

- 

0.34    : 

1.10 

14, 

0.03 

0.05 

I 
_      1 

- 

0.40 

- 

0.24 

- 

„      1 

- 

10, 
16, 
17, 
18. 
19, 
20, 

- 

- 

- 

- 

- 

1 

i 

- 

- 

- 

-     i 
_     1 

- 

_ 

- 

1 

^            1 

1 

1 

1 

1 

- 

- 

- 

_     1 
.      i 

- 

- 

1 

.       1 

- 

_ 

1 

1 

1 

- 

21, 

0.04 

0.05 

.      1 

0.11 

1 

0.09 

0.10 

0.14 

0.30 

0.13 

-     1 

1 

0.09     1 

0.10 

23, 

0.04 

- 

1 

- 

- 

- 

- 

^ 

0.05 

0.21 

21, 

- 

1 

-    1 

- 

- 

. 

^^ 

- 

- 

26, 

1 
i 

- 

- 

- 

- 

- 

- 

26, 
27, 

- 

— 

— 

- 

^ 
_ 

_ 

_ 

— 

2S, 
29, 

~ 

0.20 

0.10 

0.08 

• 

O.Ol 

0.02 

O.Ol 

o.os 

0.12 

30, 

O.ll 

0.05 

0.05 

- 

0.07 

- 

- 

- 

0.05 

1 

ToUU,  . 

1.79 

1.4:1 

1.51 

* 

2.45 

1.29 

1.35 

3.26 

0.79 

1 

1.71 

1.68 

*  Procipitation  Included  io  that  of  following  day. 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


.  635 


Daily  Rainfall  at  Ten  Plaou  in  Ma»aaehu»eU»,  Oeographieaily  Selected. 

October,  1887. 


DAT  or  M«!«TH. 

Deerfleld. 

• 

1 

5 

• 

1 

c 

If 

s 

• 

1 

Chestnat  HiU, 
Boston. 

• 

1 
t 

:3 

• 

1 

Taanton. 

1 

1. 

t 

0.05 

0.30 

0.56 

0.73 

1.00 

0.84 

0.41 

0.00 

1.60 

2. 

0.53 

1 

0.15 

0.06 

0.11 

0.06 

0.05 

0.08 

0.20 

O.OT 

3. 

,    0.12 

0.05 

0.10 

0.10 

0.09 

0.13 

0.12 

0.01 

0.05 

4. 

0.17 

0.05 

- 

0.07 

- 

0.11 

0.41 

0.06 

0.06 

5. 

- 

0.02 

- 

- 

- 

- 

- 

6, 
7. 
8. 

- 

- 

- 

- 

- 
■ 

a. 

- 

9, 

_ 

- 

- 

0.03 

- 

~ 

" 

10. 

- 

- 

- 

- 

- 

- 

11. 

0.39 

0.85 

0.21 

0.41 

0.76 

0.66 

0.64 

0.68 

0.37 

12. 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

13. 

I 

•» 

- 

- 

- 

- 

- 

14. 

- 

- 

- 

- 

15. 
1«, 

- 

- 

• 

i 

— 

_ 

- 

- 

17. 

- 

- 

9 

55 

- 

- 

- 

- 

- 

- 

18. 

- 

" 

- 

- 

- 

- 

0.04 

- 

1». 

- 

- 

t 

- 

- 

- 

- 

20. 

- 

- 

• 

* 

* 

- 

- 

- 

* 

- 

21. 

1.32 

1.10 

1.02 

1.36 

1.30 

1.11 

1.21 

1.24 

1.72 

22. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23. 

1                _ 

1 

• 

- 

- 

- 

- 

- 

24, 

~ 

0.05 

- 

- 

^     ^ 

O.Ol 

- 

25. 

- 

- 

- 

- 

- 

- 

- 

- 

26. 

- 

- 

- 

- 

- 

- 

27. 

~ 

- 

- 

- 

~ 

"" 

28, 

- 

- 

- 

- 

- 

- 

0.06 

2». 

- 

- 

- 

- 

- 

- 

- 

- 

30, 

^ 

- 

- 

- 

- 

- 

„ 

31. 

1 

- 

- 

- 

- 

- 

- 

2.93 

« 

Tot 

als, 

2.58 

2.05 

' 

1.09 

2.87 

3.21 

2.93 

2.82 

3.95 

*  Precipitation  Included  in  that  of  following  day. 


C36. 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  MaasachuseUa,  OeographieaUy  Selected. 
•  November,  1887. 


DAT  ojr  Montr. 

• 

1 

1 

• 

1 

3 

• 

« 

O 

s 

• 

a 

€ 

t 

U4 

Chestnut  HUI, 
Botton. 

• 

8 

e 

I 

1 

• 

1 

c 

9 

• 

sa 

1. 
2. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.05 

8, 

^ 

0.0-i 

~ 

~ 

— 

•" 

— 

k 

** 

6. 
7. 

1 

- 

0.06 

- 

- 

- 

- 

- 

8. 
10. 

; 

- 

0.73 

0.99 

0.76 

0.82 

• 

I.IT 

0.97 

0.96 

11» 

0.75 

0.75 

0.13 

0.02 

- 

- 

0.98 

- 

- 

- 

12. 
IS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14. 

.. 

- 

— 

- 

- 

m 

• 

. 

. 

_ 

15.         . 

0.85 

0.85 

0.92 

1.02 

0.87 

1.15 

1.26 

1.39 

1.00 

1.04 

18, 

17.         . 

* 

0.15 

0.06 

0.02 

0.06 

0.09 

0.02 

0.04 

0.10 

- 

0.09 

18. 
19. 

^ 

0.20 

0.34 

0.63 

0.34 

•0.20 

• 

0.11 

• 

0.20 

20, 

0.84 

0.22 

0.14 

- 

- 

•  — 

0  29 

- 

0.15 

- 

21. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23. 

O.Ol 

0.02 

0.02 

0.01 

- 

- 

0.07 

- 

- 

— 

24. 

^ 

0.01 

- 

• 

- 

- 

- 

- 

- 

25. 

0.58 

0.45 

0.47 

• 

• 

0.23 

• 

0.30 

0.05 

- 

28. 

0.09 

0.03 

0.05 

0.40 

0.32 

- 

0.27 

- 

- 

- 

27. 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

28. 

0.42 

0.75 

0.59 

0.30 

0.29 

0.24 

« 

0.13 

0.05 

~ 

29. 

- 

- 

- 

- 

- 

- 

0.36 

- 

0.26 

30. 

- 

- 

- 

- 

- 

- 

- 

" 

ToUls, 

3.56 

3.44 

3.52 

3.39 

2.64 

2.75 

3.25 

3.14 

2.32 

i    2.00 

*  Precipitation  included  in  tliat  of  following  day. 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


637 


Daily  RainfcM  at  Ten  Places  in  MaataehuseUs,  Oeographicalli/  Selected. 

December,  1887. 


DAT  or  MONTII. 

• 

1 
1 

• 

1 

• 

► 

s 

• 

a 

m 

1 

a 
t 

Chestnut  HIU, 
Boston. 

i 

i 

• 

GO 

« 

c 
o 

s 

9 

New  Bedford. 

1 

1, 

2. 

s, 

4. 
6. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

- 

0.04 

0.03 

- 

0.08 

0.02 

0.03 

- 

1 
1 

1 

1 

0.40 

0.44 

0.28 

1 

0.13 

0.14 

0.23 

0.13 

0.20 

0.19 

7, 

1 

1        " 

_ 

. 

_ 

. 

• 

. 

. 

8. 
10. 

- 

- 

- 

- 

- 

- 

- 

0.04 

• 

0.03 

0.11 

• 

• 

* 

« 

- 

« 

~ 

11. 

1.43 

0.76 

0.&3 

0.93 

• 

• 

* 

• 

« 

_ 

12. 

j 

0.15 

0.11 

- 

0.95 

0.78 

0.98 

0.86 

1.20 

1.47 

13. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15. 

o.r.5 

0.38 

0.40 

* 

0.76 

^0.68 

•  ■• 

0.57 

• 

- 

16, 

- 

0.16 

0.14 

0.40 

- 

- 

0.61 

- 

0.72 

0.60 

IT. 

! 

- 

- 

- 

• 

- 

- 

- 

- 

18. 

- 

0.42 

* 

0.26 

0.54 

0.62 

* 

0.73 

* 

- 

19. 

1 

- 

0.65 

- 

- 

- 

0.43 

~ 

0.67 

0.63 

20, 

- 

- 

- 

- 

• 

- 

- 

0.36 

- 

- 

21, 

1 

0.28 

0.83 

0.66 

0.32 

0.23 

0.48 

0.32 

0.31 

22. 

- 

- 

- 

0.03 

- 

- 

0.09 

0.02 

- 

- 

23, 
24, 
25. 

- 

- 

- 

- 

- 

- 

- 

- 

— 

- 

- 

1 

- 

~ 

- 

- 

« 

_ 

- 

26. 

- 

- 

• 

• 

♦ 

• 

♦ 

0.36 

- 

- 

27. 

1.47 

0.60 

0.15 

0.17 

0.28 

0.47 

0.20 

- 

0.17 

0.22 

28. 

- 

1.06 

1.33 

1.38 

0.90 

0.84 

0.96 

0.64 

1.00 

1 

0.82 

29. 

- 

- 

- 

- 

- 

- 

- 

- 

j 

- 

30, 

- 

- 

- 

- 

- 

- 

- 

- 

1 

- 

31. 

1         ~ 
1 

0.10 

- 

- 

0.03 

- 

- 

- 

1 

4.31 

- 

ToU 

ills,    . 

4.50 

4.31 

4.00 

4.04 

3.04 

3.66 

4.06 

• 

3.69 

I 

4.28 

*  Precipitation  included  in  that  of  following  day. 

t  The  daily  records  at  Deerflield  for  this  month  Include  only  the  precipitation  In  the  form  of  rain; 
the  total  however  gives  the  entire  precipitation  as  In  other  caaea. 


G38 


WATER  SUPPLY  AXD   SEWERAGE. 


[Dec, 


DaUy  Rainfall  at  Ten  Places  in  MasscichuseUs^  OeographicaUy  Selected, 

January^  1888, 


DAT  OF  MOXTH. 

\ 

• 

1 

m 

1 

1 

• 

§ 

B 

B    . 

«•  s 

II 

1^ 

i 

c 

• 

a 

m 

• 

1 

9 

• 

1. 

« 

1 

1.00 

1.08 

1.36 

• 

• 

• 

• 

• 

• 

2. 
3. 

1.37 

0.50 

0.30 

- 

1.42 

1.88 

1.49 

1.44 

1.40 

1.67 

. 

* 

0.15 

* 

0.11 

* 

0.08 

0.07 

• 

. 

6. 

- 

0.10 

- 

0.07 

- 

0.08 

- 

- 

0.12 

0.10 

«. 

- 

* 

- 

- 

- 

- 

- 

- 

- 

- 

•» 

0.05 

0.05 

- 

0.08 

- 

• 

0.01 

« 

0.05 

8, 
10. 

0.33 

0.20 

0.25 

0.07 

0.09 

0.17 

0.03 

0.02 

0.05     - 

1 
1 

0.15 

4 

1.50 

0.20 

0.16 

0.13 

0.13 

0.12 

0.13 

O.IT 

i 

0.30 

0.27 

n. 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12. 

. 

«» 

- 

- 

- 

- 

- 

- 

- 

13, 

0.83 

0.55 

0.51 

0.47 

0.52 

0.47 

0.40 

0.35 

0.46    , 

1 

0.28 

w. 

. 

- 

- 

- 

- 

- 

- 

I 

0.63 

15. 

.       0.33 

0.15 

0.14 

0.23 

0.14 

0.08 

0.21 

0.09 

0.02     1 

0.05 

16. 

.  ■         - 

- 

- 

- 

- 

- 

- 

^ 

1 

- 

17. 

.1        • 

* 

« 

0.72 

• 

• 

♦ 

0.74 

•      I 

• 

18. 
19, 
•20, 
21. 
22. 

0.60 

■  1 

0.27 

0.24 

0.73 

0.76 

0.67 

: 

0.45     1 

_       1 
1 

0.45 

1 

- 

- 

0.07 

-      1 

- 

- 

i 

1 
1 

- 

23. 

- 

- 

- 

- 

0.03 

♦ 

0.04 

0.03 

1 

*    1 

0.08 

24, 

1 

0.02 

- 

- 

- 

0.02 

- 

- 

0.04 

- 

25. 

.  !       • 

« 

• 

* 

• 

« 

* 

• 

1 

- 

28. 

1 

1.20 

0.45 

0.94 

1.53 

0.94 

0.80 

1.30 

0.78 

0.68     1 

o.so 

27. 
28. 
20 

i 

1 

- 

- 

- 

- 

- 

- 

«       1 
1 

1 

0.03 

30. 
31. 

1 

1 

1 

- 

1 

— 

1 
1 

- 

Toll 

[iIh,  . 

1 

'     6.24 

3.49 

3.88 

4.65 

4.19 

3.«3 

4.45 

3.70 

3.iV2 

4.56 

*  Precipitation  iDcladed  In  tbttt  of  following  day. 


1889.] 


WATER  SUPPLY  AND  SEWERAGE. 


G3D 


Daily  Rainfall  at  Ten  Places  in  ManaehuaeUt,  Oeographically  Selected. 

February,  1888. 


DAT  uF  Month. 

• 
01 

,  1 

• 

1 

■    3 

• 

1 

3 

Fitchburg* 

• 

B 

S3 

5  . 

• 

s 

i 

* 

s 

e 
o 

a 

i 

1 

i 

'A 

1, 
2, 
3. 

- 

- 

- 

- 

- 

- 

( 

- 

1 
1 

. 

_ 

. 

— 

I 
1 

. 

. 

1          _ 

. 

1 

4. 

• 

* 

• 

* 

1 

i        ♦ 

1 

'    0.45 

* 

1        « 

* 

1       * 
1 

5. 

1.80 

0.50 

0.84 

>    0.83 

1 

0.88 

- 

0.74 

0.43 

0.48 

0.48 

6, 

1 

0.05 

" 

- 

- 

- 

- 

- 

- 

m 
<• 

- 

• 

_^ 

• 

0.14 

i    0.08 

0.18 

- 

• 

0.05 

8. 

9. 

10. 

0.3« 

0.56 

0.18 

0.05 

0.10 

1 

0.08 

0.30 

0.22 

1 

* 

_ 

• 

• 

• 

* 

• 

• 

* 

11, 

1.28 

0.75 

0.78 

0.84 

0.84 

• 

0.81 

0.73 

0.35 

0.28 

12. 
13, 

- 

- 

■~ 

- 

0.70 

- 

- 

0.41 

• 
1 

- 

— 

- 

- 

. 

_ 

0.02 

. 

0.01 

15. 

1 

> 

- 

- 

- 

- 

0.03 

- 

- 

16, 

- 

- 

- 

- 

- 

- 

- 

17, 

- 

- 

- 

- 

- 

- 

- 

- 

18, 

w. 

20, 

- 

0.10 

- 

- 

0.04 

- 

- 

- 

- 

0.03 

* 

1.50 

* 

* 

* 

* 

• 

* 

« 

* 

21. 
22. 

1.85 

_   « 

0.40 

2.15 

1.05 

1.19 

1.17 

1.88 

0.73 

1.00 

0.84 

23, 
24, 

_ 

^ 

*• 

• 

" 

: 

■• 

: 

_         1 

^ 

25, 

* 

0.80 

* 

« 

• 

0.88 

• 

•  1 

♦     i 

* 

28, 
27. 
28, 

0.78 

t 

„      1 

0.20 

0.50 

0.08 

0.79 

- 

0.83 

0.73 

0.95 

1 

0.69 

- 

- 

- 

1 

- 

- 

- 

- 

- 

2». 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Touls,  . 

5.87 

4.05 

4.38 

4.58 

3.71 

3.34 

4.05 

2.70 

3.08 

2.90 

rrecipltatioo  included  lo  that  of  foUowing  day. 


640 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  MassachuseUa,  Geographically  Selected. 

March,  1888. 


Day  of  Month. 

Ludluw. 

• 

> 

1 

5 

a 

JSt 

■§ 

i 

1 

Chestnut  HlII, 
Boston. 

• 

1 

• 

a 

• 

s 
1 

1 
New  licdfonl.  | 

1. 

1 

1 

- 

- 

0.02 

- 

- 

- 

0.03 

0.01 

2. 

1 

» 

- 

0.18 

1        • 

• 

- 

- 

0.14 

1 

3. 

1 
1 

1 

1 

0.15 

- 

- 

'    0.04 

0.14 

0.09 

0.06 

^ 

0.10 

7. 
8. 

». 

10. 

i 
1     . 

1 

- 

- 

- 

- 

- 

- 

- 

- 

11. 

* 

• 

* 

• 

- 

- 

- 

- 

• 

12. 

1  • 

* 

• 

* 

* 

* 

• 

2.18 

• 

1.2^ 

13. 

* 

2.50 

« 

* 

« 

2.33 

1.76 

0.10 

1.10 

* 

14. 

3.22 

0.40 

4.00 

2.74 

3.33 

0.26 

0.18 

• 

• 

0.13 

15, 

- 

- 

- 

- 

- 

- 

0.02 

- 

0.13 

- 

16. 

- 

- 

- 

- 

- 

- 

- 

- 

17, 

1 

- 

- 

- 

- 

- 

- 

- 

1 

- 

18. 

1        *" 

- 

- 

- 

- 

- 

- 

- 

- 

19, 

1 

- 

- 

- 

- 

- 

- 

- 

i 

- 

20, 

• 

• 

« 

« 

* 

♦  • 

« 

« 

* 

• 

21. 

* 

1.40 

1.20 

o.gg 

* 

1.16 

« 

» 

1.00 

1.7S 

22. 

1.30 

0.-25 

- 

- 

1.04 

- 

1.18  • 

1.06 

1 

- 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2.>, 

1 
1 

- 

- 

- 

- 

- 

- 

- 

1 

- 

26. 

♦ 

1.50 

* 

0.91 

* 

* 

• 

• 

•  i 

• 

27, 

!     1.42 

1                1 

1.05 

« 

0.31 

* 

0.80 

• 

1.15    j 

1.01    i 

1.55 

28.         . 

1     0.03 

0.20 

* 

• 

• 

0.52 

1  54 

0.31 

• 

1 

0.74 

29, 

0.27 

0.20 

1.45 

0.04 

1.84 

0.23 

0.17 

0.31 

0.71     \ 

O.IS 

30. 

-   i 

1 

1 

- 

- 

- 

- 

- 

- 

- 

- 

31. 

- 

- 

- 

- 

- 

4.94 

- 

- 

- 

Toll 

Ills,  . 

6.24    1 

1 

1 
7.ft5     1 

1 

6.65 

5.17 

6.27 

5.53 

5.17 

4.12 

6.78 

*  Precipitation  included  in  that  of  following  day. 
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WATER  SUPPLY  AND  SEWERAGE. 


641 


Dailij  Rainfall  at  Ten  Places  in  AfassachusetU,  Geographically  Selected. 

jipril,  1888. 


DAT    OF    MOSTH. 

• 

• 

o 

Qllbcrtville. 

S 

a 

m 

1 

0   c 

M    a) 

•»    S 

J3 

1 
s 

I 
Taunton. 

-a 

•A 

t 

1,             ...» 

* 

* 

« 

• 

. 

• 

* 

• 

0.12 

2 

;     1.03 

O.S.S 

0.52 

1.23 

0.58 

0.73 

1.41 

1.15 

0.40 

0.02 

3, 

- 

- 

- 

- 

- 

- 

- 

- 

4. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5, 

• 

* 

« 

« 

♦  ' 

« 

* 

• 

•    * 

• 

6, 

0.6S 

1.15 

1.15 

0.80 

0.80 

0.83 

0.81 

0.83 

1.05 

1.36 

7, 

•   1        ~ 

- 

- 

- 

- 

- 

_ 

- 

— 

8, 

- 

- 

- 

- 

- 

- 

- 

- 

9( 

^ 

^ 

- 

- 

- 

- 

- 

- 

- 

- 

10, 

♦ 

* 

• 

• 

« 

• 

* 

• 

* 

* 

n, 

.   i     1.00 

0.76 

0.67 

0.88 

0.57 

0.55 

0.71 

0.73 

0.57 

0.75 

i-i, 

0.04 

0.15 

0.12 

0.04 

0.02 

- 

0.03 

0.06 

- 

O.Ol 

13, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

14, 

0.05 

0.10 

0.08 

0.07 

* 

0.00 

* 

0.17 

• 

0.11 

15, 

- 

_ 

- 

0.01 

0.0& 

- 

0.14 

- 

0.12 

0.07 

1«. 

- 

- 

~ 

~ 

- 

- 

- 

- 

- 

- 

IT, 

, 

- 

- 

- 

- 

- 

- 

- 

IS, 

0.0« 

0.10 

0.13 

0.05 

0.05 

- 

0.00 

0.03 

0.02 

0.02 

10, 

- 

O.IS 

" 

- 

- 

- 

- 

- 

- 

20, 

. 

* 

0.17 

* 

* 

* 

• 

• 

* 

21, 

0.42 

0.50 

0.15 

0.48 

0.42 

0.24 

0.25 

0.22 

0.10 

0.29 

22, 

0.04 

- 

- 

- 

- 

- 

0.03 

- 

0.01 

23. 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

.       0.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26, 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27. 

' 

- 

- 

- 

- 

- 

- 

- 

- 

28,' 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29, 

- 

- 

- 

- 

- 

- 

- 

0.01 

- 

- 

30, 

- 

«« 

- 

- 

- 

- 

- 

2..V) 

- 

Tot 

als. 

3.33 

3.11 

S.17 

3.5o 

2.58 

2.44 

3.44 

3.23 

2.77 

*  Precipitation  Included  In  that  of  following  day. 
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WATER  SUPPLY  AXD  SEWERAGE, 


[Dec, 


DaUy  Rainfall  at  Ten  Places  in  Massachusetts^  GeoffraphicaUy  Selected, 

January^  1888, 


DAT  OF  Month. 

1 
1 

• 

1 

•3 

5 

• 

1 

1 

u 

s 

1 

B    . 

**  s 

S    0 

S3 

c 

i 

B 

• 

a 

Taunton. 

New  Bedford. 

1. 

* 

1     1.00 

1.08 

1.36 

« 

« 

• 

« 

• 

« 

2. 
8. 
4. 

1.37 

0.50 

0.36 

- 

1.42 

1.38 

1.49 

1.44 

1.40 

1.67 

1 

* 

0.15 

* 

0.11 

« 

0.08 

0.07 

• 

_ 

6. 

i     _ 

0.10 

- 

0.07 

- 

0.08 

- 

- 

0.12 

0.10 

«. 

- 

« 

- 

- 

- 

- 

- 

- 

1 

- 

'i 

- 

0.05 

0.05 

- 

0.08 

- 

* 

0.01 

1 
* 
1 

0.05 

8. 

0.33 

0.20 

0.25 

0.07 

0.09 

0.17 

0.05 

0.02 

1 

0.05     1 

0.15 

0, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10. 

1.50 

1 

0.20 

0.16 

0.13 

0.13 

0.12 

0.15 

0.17 

0.30 

0.27 

11. 

1 

1        - 

- 

- 

- 

- 

- 

- 

- 

-      1 

- 

12, 

- 

- 

- 

- 

- 

- 

- 

- 

13.         . 

0.83 

0.55 

0.51 

0.47 

0.52 

0.47 

0.40 

0.35 

0.46 

0.28 

u. 

1 

- 

- 

- 

- 

- 

- 

- 

- 

0.63 

15. 

0.33 

0.15 

0.14 

0.23 

0.14 

0.08 

0.21 

0.09 

0.02     ' 

0.05 

16, 

1        - 

- 

- 

- 

- 

- 

- 

1 
1 

- 

17, 

'        • 

* 

♦ 

0.72 

• 

* 

• 

0.74 

•       1 

• 

18, 

1     0.60 

0.27 

0.24 

- 

0.73 

0.76 

0.67 

- 

0.45 

1 

0.45 

19. 

- 

- 

- 

- 

- 

- 

- 

-       1 

- 

20. 

1        - 

- 

- 

- 

^ 

- 

- 

- 

1 

- 

21. 

'         - 

- 

- 

- 

- 

- 

- 

- 

*■ 

- 

22. 

- 

- 

- 

0.07 

1 

- 

- 

' 

- 

23. 

1 

- 

- 

- 

0.03 

• 

0.04 

0.03 

.   1 

1 

0.08 

24. 

1 

0.02 

- 

- 

- 

0.02 

- 

- 

0.04     1 

- 

25. 

1         « 

1 

• 

• 

* 

• 

• 

• 

• 

1 

- 

26, 

,  >•=» 

0.45 

0.94 

1.53 

0.94 

0.80 

1.36 

0.78 

0.68 

1 

o.so 

27. 

1        ^ 

- 

- 

- 

- 

- 

1 

- 

1 

0.03 

28. 

- 

- 

- 

- 

- 

1 

- 

- 

1 

"    i 

- 

29, 

1 

1 

- 

- 

- 

.      1 

- 

1 

-       1 

- 

- 

- 

30. 

1 

- 

- 

- 

- 

1 

1 
1 

- 

1 

- 

31,         . 

1 

- 

- 

- 

- 

1 

1 

■       1 

- 

1 

- 

Ton 

lis,  . 

,     6.24 

3.49 

c 

3.88 

4.05 

4.19 

3.6S 

4.45 

3.70 

3..V> 

4..'»6 

*  Precipitatiun  iuoludvd  In  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


639 


Daily  Rainfall  at  Ten  PUtces  in  MassctchuseUs,  Qeographicalhj  Selected. 

February,  1888, 


Day  of  Muxth. 


1, 
2, 
8, 
4> 
6. 
6, 

8. 

0, 

10, 

11, 

12, 
13. 
U. 
15, 
16. 
17, 
18. 

1», 
20, 

21, 
22. 
23. 
24, 
25. 
26. 
27, 
28. 
». 


Totals, 


• 

I 

• 

5 

o 

• 

S 

i 

£ 

a 

£ 

a 

5  . 

• 

s 

i 

• 

1 

• 

1 

3 
« 

'A 

- 

- 

- 

- 

- 

1 

- 

- 

- 

- 

* 

« 

• 

• 

• 

0.45 

i       • 

1 
1 

• 

• 

1.80 

0.50 

0.84 

1    0.83 

0.06 

- 

0.74 

0.43 

0.48 

0.48 

- 

0.05 

- 

- 

- 

i 

- 

- 

- 

* 

- 

* 

0.14 

0.06 

0.18 

- 

• 

0.05 

0.36 

0.55 

- 

0.18 

0.06 

0.10 

- 

0.06 

0.30 

0.22 

!        • 

• 

• 

♦ 

'■        « 

• 

♦ 

* 

* 

1.28 

0.76 

0.78 

0.64 

0.84 

1    * 

0.61 

0.73 

0.35 

0.26 

- 

- 

- 

- 

0.70 

- 

0.41 

- 

- 

- 

- 

- 

0.02 

~ 

0.01 

— 

— 

- 

- 

0.03 

: 

— 

- 

0.10 

-" 

0.04 

_ 

1 

0.03 

* 

1.50 

• 

« 

• 

* 

« 

• 

* 

1 

* 

1.66 

0.40 

2.15 

1.95 

1.19 

1.17 

1.66 

0.73 

1.00    ' 

! 

0.84 

_      1 

1 

• 

0.60 

• 

• 

* 

0.86 

« 

♦ 

• 

* 

0.78 

0.20 

0.59 

0.96 

0.79 

^ 

0.83 

0.73 

1 

0.95 

0.69 

- 

- 

- 

- 

- 

- 

: 

1 

- 

- 

5.87 

4.65 

4.36 

1 

4.56 

3.71 

3.34 

4.05 

2.70 

3.08 

2. 09 

rreciplUtioQ  Included  in  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  MassachtmeUs,  Geographically  Selected. 

March,  1888, 


DAT    OP    MOMTII. 

• 

•3 

1 

Ludlow. 

• 

1 

5 

a 

JSt 

■ 

a 
e 

e  a 

1 

• 

e 
a 

5 

£ 
'A 

1, 

1 

1 

- 

1 

1 

1     0.02 

- 

- 

- 

0.03 

0.01 

2. 

- 

'        • 

- 

0.18 

• 

« 

- 

- 

0.14 

- 

3. 

i 

1 

1            - 

0.15 

- 

- 

0.04 

0.14 

0.09 

0.06 

- 

O.IO 

7. 
8, 

». 

10, 

1            - 
1            - 
1 
1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11. 

I            * 

♦ 

- 

* 

« 

- 

- 

- 

- 

• 

12. 

1            * 

• 

* 

• 

• 

• 

* 

2.18 

• 

1.29 

13. 

1            « 

2.50 

* 

« 

* 

2.33 

1.76 

0.10 

1.10 

« 

14. 

I    3.22 

0.40 

4.00 

2.74 

3.33 

0.26 

0.18 

• 

• 

0.13 

15, 

1 

- 

- 

- 

- 

- 

0.02 

- 

0.13 

- 

16, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

17, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

18, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

19. 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20, 

* 
1 

• 

• 

« 

• 

•  ' 

• 

• 

* 

* 

21, 

♦ 

1.40 

1.20 

0.99 

* 

1.16 

• 

• 

1.00    1 

1.73 

22. 

1.30 

0.25 

- 

- 

1.04 

- 

1.18  • 

1.06 

i 

- 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

1         "■ 
1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26. 

* 

1.50 

* 

0.91 

• 

* 

• 

♦ 

• 

* 

27, 

,     1.42     1 

1.05 

• 

0.31 

* 

0.89 

* 

1.15 

1.01 

1.55 

28, 

'     0.03 

0.20 

* 

• 

* 

0.52 

1  54 

0.31 

« 

0.74 

29, 

0.27 

0.20 

1.45 

0.04 

1.84 

0.23 

0.17 

0.31 

0.71    1 

0.18 

30.         . 

- 

- 

- 

- 

- 

- 

- 

- 

31, 

- 

1 

6.05 

- 

- 

- 

i 

4.94 

- 

- 

Toll 

ftU,  . 

6.24 

1 

7.05 

5.17 

6.27 

5.53 

5.17 

4.12 

5.78 

*  Precipitation  included  in  that  of  following  day. 
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WATER  SUPPLY  AND  SEWERAGE. 
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Daili/  Rainfall  at  Ten  Places  in  Ma»»aehtt»eUB,  Qeographicqily  Selected. 

April,  1888. 


I>AT    or    MOSETH. 

• 

• 

3. 

• 

1 

5 

• 

a 

1 

2§ 

• 

J3 

• 

6 

• 

B 
3 
« 

-a 

I 

'A 

1. 

1 

* 

* 

• 

« 

• 

* 

• 

• 

0.12 

o 
*•• 

3, 

1.03 

0.35 

1 

0.62 

1.23 

0.58 

0.73 

1.41 

« 

1.15 

0.40 

0.02 

1 

4, 
5. 

■   t 

* 

« 

* 

• 

• 

• 

* 

•    » 

* 

6, 
7. 
8. 
». 

10, 

0.6S 

i 

1.15 

1.15 

0.80 

0.89 

0.83 

0.81 

0.83 

1.03 

1.36 

• 

• 

• 

« 

• 

• 

« 

* 

* 

• 

11, 

1.00 

0.76 

0.67 

0.88 

0.57 

0.55 

0.71 

0.73 

0.67 

0.73 

12. 

0.04 

0.15 

0.12 

0.04 

0.02 

- 

0.03 

0.06 

- 

0.01 

13, 

,   '        - 

- 

- 

- 

- 

- 

- 

- 

- 

•  0.01 

14. 

0.06 

0.10 

0.08 

0.07 

* 

0.09 

• 

0.17 

• 

0.11 

15, 

- 

- 

- 

0.01 

0.06 

- 

0.14 

- 

0.12 

0.07 

1«, 

,           - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT, 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

19. 

0.0« 

0.10 

0.13 

0.05 

0.06 

- 

0.09 

0.03 

0.02 

0.02 

19. 

- 

0.18 

- 

- 

- 

- 

- 

- 

20, 

- 

• 

0.17 

* 

« 

* 

• 

• 

* 

- 

21, 

0.42 

0.50 

0.15 

0.48 

0.42 

0.24 

0.25 

0.22 

0.19 

0.29 

22. 
23. 
24, 
25. 
26, 
27. 
28,-        . 

0.04 

- 

- 

- 

- 

0.03 

- 

0.01 

.   ,    0.01     . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29. 
30, 

• 

1 

^ 

- 

- 

- 

" 

^ 

0.01 

1 

^ 

Totals.  . 

!    3.33 

3.11 

3.17 

3.56 

2.58 

2.44 

8.44 

3.23 

2.77 

*  Precipitation  Included  in  that  of  following  day. 
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WATER  SUPPLY  AND  SEWBBAGE. 


[Deo. 


Daily  Rainfall  at  Ten  Places  in  Massachusetts^  OeographteaUy  Selected, 

May,  1888, 


DAT  OF  Month. 

• 

1 

1 

a 
•J 

1 
1 

O 

1 

1 

1 

1 

Chestnut  Hill, 

i 

i 

• 

1 

s 
a 
m 

• 

1, 

0.07 

0.05 

0.07 

« 

• 

• 

• 

0.01 

0.12 

* 

2. 

3.  . 

4.  . 

0.05 

0.03 

0.04 

0.23 

0.12 

0.06 

0.11 

- 

0.03 

0.06 

m. 

• 

. 

• 

• 

* 

• 

_ 

. 

6. 

• 

0.03 

0.07 

0.11 

- 

0.18 

0.24 

0.06 

0.16 

0.38 

0.35 

6. 
7. 
8. 

- 

- 

- 

- 

- 

- 

- 

-r 

- 

1 

0.02 

- 

~ 

« 

* 

• 

« 

• 

0. 

0.19 

0.50 

0.45 

0.09 

0  46 

0.57 

0.56 

0.43 

0.33 

0.16 

10.         . 

0.06 

0.10 

0  09 

0.07 

« 

- 

« 

- 

0.03 

0.04 

11, 

• 

0.05 

0.84 

0.12 

• 

0.49 

0.20 

0  17 

0.16 

* 

12. 

.  i     1.38 

1 

1.00 

• 

1.49 

« 

1.62 

1.38 

2  11 

1.30 

1.84 

13. 

• 

0.05 

0.15 

• 

0.36 

2.18 

132 

0.38 

105 

0.14 

0  02 

14. 

0.08 

0.40 

« 

- 

• 

0  03 

0  07 

003 

006 

0  05 

15. 

0.81 

0.20 

* 

0.26 

0  34 

0.23 

* 

0  06 

0.21 

0-11 

16. 

.  !     0.02 

0  05 

" 

~ 

_ 

0.42 

0  09 

- 

- 

IT. 

.  1     0.06 

- 

- 

^ 

- 

- 

- 

- 

0  01 

J8, 

0.15 

0.30 

• 

- 

* 

« 

♦ 

« 

0  12 

• 

19, 

.  '     0.31 

I 

0.60 

2.03 

021 

0.33 

0.30 

0.23    1 

0-28 

0.70 

0.91 

20. 

1 

- 

• 

- 

- 

- 

- 

- 

- 

21. 
22. 
23, 

- 

- 

- 

- 

- 

_      1 

- 

- 

« 

. 

. 

_ 

- 

" 

_ 

_ 

_ 

24.         . 

- 

- 

0.04 

• 

- 

- 

0.02 

_ 

0  05 

25.         . 

0.01 

- 

- 

- 

- 

~ 

" 

_ 

0.42 

26. 

" 

0.02 

- 

- 

- 

- 

- 

- 

030 

- 

27,         . 

.  1     0.03 

• 

0  06 

- 

- 

- 

- 

0.18 

0.22 

28,         . 

.  1     0.13 

0.40 

* 

« 

- 

« 

• 

• 

0.28 

• 

« 

29. 

.       0  92 

0.07 

• 

086 

- 

0  85 

0  71 

0  56 

0.42 

0.80 

30. 

.  '    0.17 

1 

0.10 

1.09 

0  05 

0  83 

0  10 

0.12 

012 

0  10 

0  68 

81. 

0.05 

- 

0  11 

0  09 

- 

0.02 

0.03 

0.23 

Tot 

ale,  . 

4.52 

1.76 

4  26 

3  80 

4. 50 

6  90 

4-24 

5.10 

4.95 

5-95 

*  Precipitation  incladcd  Id  that  of  following  day. 
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Dathf  BainfaU  at  Ten  Plaee$  in  MMsaekuaeUs,  Qeographieatti/  Selected. 

June,  1888. 


DAT  or  MOXTR. 

i 
1 

• 

1 

3 

• 

5 

1 

S 

• 

1 

I 

Chectnot  Hill, 
lioston. 

i 

1 

• 

1. 

o 

••» 

3 

O.OI 

i 

1 

1 

- 

- 

- 

- 

4. 

5. 

- 

1 

- 

- 

- 

- 

- 

6. 

- 

- 

0.08 

0.05 

• 

0.15 

0.13 

T. 

o.u 

0.35 

O.QO 

- 

0.14 

0.17 

- 

8, 

0.03 

0.25 

- 

- 

- 

- 

- 

9, 

- 

- 

- 

- 

- 

- 

1 

10, 

- 

- 

- 

- 

- 

• 

- 

11, 

- 

0.05 

- 

0.11 

- 

0.05 

0.13 

12, 

- 

- 

- 

- 

- 

- 

1 

13. 

- 

- 

- 

- 

- 

- 

- 

14. 

0.86 

0.40 

• 

•g 

0.71 

0.64 

0.78 

0.65 

0.76 

15, 

0.35 

0.55 

8 

t 

o 

0.19 

0.22 

0.85 

0.12 

0.19 

16, 

0.01 

- 

0.12 

- 

- 

- 

17, 

- 

- 

- 

- 

- 

- 

18, 

- 

- 

- 

0.01 

- 

- 

19. 

- 

- 

- 

- 

- 

- 

- 

20, 

0.07 

0.02 

0.18 

0.17 

0.11 

0.14 

0.06 

21. 

0.73 

0.22 

0.12 

O.OS 

0.03 

0.11 

- 

22, 

0.01 

- 

- 

- 

- 

- 

- 

23, 

0.13 

0.55 

- 

0.07 

0.06 

0.15 

0.05 

24. 

1.96 

1.00 

0.43 

- 

- 

• 

- 

25, 

0.59 

- 

- 

0.17 

- 

0.22 

- 

26, 

0.29 

0.35 

0.50 

0.42 

0.77 

0.66 

0.36 

27, 

- 

- 

- 

- 

- 

- 

- 

2S,         . 

- 

- 

- 

* 

- 

- 

0.01 

29, 

0.20 

0.12 

0.11 

0.06 

- 

0.07 

- 

SO, 

1     0.02 

0.02 

1.17 

0.80 

0.34 

- 

0.04 

Tot 

nls,  , 

5.42     1 

1 
1 

3.88 

- 

4.36 

2.80 

2.58 

2.49 

1.73 

c 
o 

a 
« 


0.05 


0.60 
O.OS 


0.33 


0.10 


1.63 


0.33    ; 


1 


0.04 
0.21 
0.03 


0.06         0.02 

0.05         0.05 

-       i     0.02 


0.02 
0.22 


0.03     i     0.08 


0.31 


1.00 


*  Precipitation  included  in  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec, 


Daily  Rainfall  at  Ten  Places  in  Massachuttetts,  QeographicaUy  Selected 

July,  1888, 


D.VT  OF  Month. 

•        • 

• 
% 

1-^ 

It' 

o 

a 

• 

r 
5 

s 

JS 

S 

• 

a 

1 

1 

a 
K    . 

=  1 

• 

1 

J3 

• 

a 

1 

• 

3 

• 

1 

5 

1, 

0.13 

0.40 

0.08 

0.08 

0.06 

- 

0.05 

- 

0.12 

0.02 

2, 

0.02 

- 

0.02 

- 

- 

- 

- 

- 

- 

- 

3. 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4. 

1 

- 

- 

- 

- 

- 

- 

6. 

0.02 

1 

0.50 

0.58 

- 

0.03 

- 

- 

- 

0.02 

0.02 

e. 

- 

- 

- 

- 

- 

- 

- 

- 

-      1 

- 

7. 

1 
•  1 

- 

- 

- 

- 

- 

- 

- 

-      1 

- 

8, 

i     0.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0, 

1 

0.10 

- 

- 

- 

- 

- 

- 

0.02     1 

0.04 

10, 

• 

- 

- 

- 

- 

- 

- 

- 

- 

11, 

0.2S 

0.20 

* 

0.47 

0.08 

0.22 

• 

0.19 

- 

0.(V5 

12, 

1 

- 

0.27 

- 

- 

0.67 

0.40    1 

- 

w, 

- 

- 

- 

- 

- 

- 

- 

0.01 

14. 

- 

- 

- 

- 

1 

- 

15, 

1 

1 

- 

- 

- 

- 

1 

- 

18, 

1 
•  1 

~ 

^ 

- 

- 

- 

1 

- 

17, 

.  1 

- 

- 

- 

- 

- 

~ 

1 
1 

- 

18, 

- 

- 

- 

- 

1 

- 

- 

1 

- 

19, 

0.66 

1.00 

0.87 

• 

« 

- 

• 

• 

1 
1 

- 

20, 

- 

0.15 

0.40 

0.97 

0.42 

0.60 

1.07 

0.22    1 

0.05 

0.49 

21, 

1 
1 

- 

- 

- 

0.02 

22 

0.03 

- 

^ 

0.10 

> 

0.61 

0.70 

0.59 

1.04 

1.12 

2.93 

23, 

- 

- 

0.17 

0.17 

0.02 

0.10 

- 

0.09 

1 

- 

24, 

0.02 

- 

~ 

- 

- 

- 

- 

0.12 

- 

2'». 

- 

- 

- 

- 

- 

- 

- 

1 

- 

26. 

- 

- 

- 

- 

- 

- 

- 

1 

- 

27, 

0.20 

0.2.-) 

0.13 

0.12 

0.08 

0.10 

0.10 

0.04 

0.36 

0.27 

28, 

0.01 

- 

0.04 

- 

0.04    ' 

0.02 

20, 

1     0.01 

1 

- 

- 

- 

0.01 

0.06 

- 

- 

0.18 

0.20 

30, 

i 
i 

- 

- 

- 

~ 

_ 

- 

- 

- 

31, 

1 

1 

1 

0.25 

0.11 

0.03 

1 

0.2S 

0.14 

0.31 

0.38 

0.04 

Tot 

als,  . 

1.42 

2.85 

2.01 

1.94 

1 

1.50 

1.98 

2.82 

1.96 

3.40 

4.n7 

*  Preciplution  Included  in  that  of  following  day. 
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WATER  SUPPLY  AND  SEWERAGE. 


645 


Daily  Rainfall  at  Ten  Places  in  Massaehuseltt,  OeographUsally  Selected. 

August,  18S8. 


DAT  or  Month. 

• 

2 

• 

.S 

3 

• 

► 

1 
5 

1 

• 

a 

a 

s  . 

• 

i 

•1 

• 

1 
§ 

Xew  Bedford. 

1, 

0.47 

1 

1    0.25 

0.55 

0.47 

1 

0.18 

- 

- 

0.07 

0.04 

2. 

- 

1   • 

- 

- 

- 

- 

- 

- 

- 

- 

8, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4. 

- 

0.05 

1 

0.15 

- 

- 

- 

0.02 

- 

0.07 

0.01 

5. 

0.02 

0.03 

0.33 

- 

- 

- 

0.04 

• 

0.01 

0.24 

6. 

- 

1.00 

0.23 

• 

1.70 

1.17 

• 

008 

0.42 

- 

.7, 

O.ll 

0.05 

0.34 

0.98 

- 

- 

0.89 

1.04 

- 

0.48 

8, 

0.04 

0.02 

- 

0.04 

« 

- 

0.03 

- 

- 

0.02 

0. 

0.02 

1 

- 

- 

0.08 

- 

- 

- 

- 

0.03 

- 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11, 

0.05 

1 

- 

- 

- 

- 

- 

- 

- 

12, 

0.88 

0.60 

0.56 

0.55 

♦ 

l.TS 

« 

0.06 

- 

0.02 

13, 

1.31 

0.3o 

0.53 

1.30 

1.59 

0.07 

1.2T 

1.89 

1.04 

0.69 

14, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

1 

0.06 

- 

- 

0.06 

- 

- 

- 

- 

- 

16. 

■* 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17, 

0.30 

• 

0.75 

0.10 

0.30 

0.51 

0.65 

0.03 

0.18 

0.03 

18, 

- 

0.25 

- 

^ 

- 

- 

- 

0.06 

- 

- 

19, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20. 

- 

- 

- 

1 

- 

- 

- 

- 

- 

21. 

- 

0.40 

• 

* 

• 

« 

• 

• 

• 

• 

22, 

0.90 

1.10 

1.50 

1.49 

3.12 

8.44 

1.29 

2.73 

2.07 

2.47 

23, 

1 

- 

- 

- 

- 

- 

- 

- 

24, 

- 

- 

- 

« 

- 

- 

- 

- 

- 

- 

25, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

- 

1 

- 

- 

- 

- 

- 

- 

- 

- 

27. 

- 

1 

-      1 

1 

- 

1 

- 

- 

0.05 

- 

0.14 

1.02 

28, 

- 

- 

- 

•    .      1 

- 

- 

- 

- 

- 

- 

29, 

- 

- 
1 

- 

- 

- 

- 

- 

- 

- 

- 

80, 

•  ' 

- 

1 

- 

- 

- 

- 

- 

- 

- 

- 

81. 

_ 
1 

- 

- 

- 

0.09 

- 

- 

- 

- 

- 

Toti 

lis,  . 

4.10 

1 

4.16 

4.94 

5.01 

6.86 

7.10 

4.24 

5.89 

4.03 

5.02 

*  Precipitation  iooladed  in  that  of  followLng  day. 


G46 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  Massachusetts,  Oeographically  Selected, 

September,  1888. 


DAT  or  M09TH. 

• 

1 
1 

i 

5 

1 

i 

CheetnutHIll. 
Boeton. 

• 

s 

B 

3 

• 

a 

1 

• 

3 
5 

•E 

i 

'A 

1(               •             •             • 

o.es 

1.10 

1.15 

1.04 

0.24 

0.22 

0.S4 

0.11 

0.47 

0.30 

2. 

i 

- 

- 

- 

- 

- 

• 

- 

0.04 

0.30 

8. 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4. 

; 

- 

- 

0.01 

- 

- 

- 

- 

0.12 

0.21 

6. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«. 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7. 

- 

- 

- 

- 

•             ^ 

- 

- 

- 

- 

"* 

8. 

',     0.05 

2.00 

2.16 

2.22 

0.92 

■  0.66 

* 

0.78 

• 

0. 

J     0.02 

1 

0.15 

- 

- 

0.87 

1.85 

1.61 

0.20 

• 

0.66 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

1.40 

0.96 

11. 

i 

• 

- 

- 

- 

- 

- 

• 

- 

- 

12. 

0.20 

0.40 

- 

0.40 

0.60 

0.50 

0.72 

0.63 

0.28 

0.35 

13, 

t 

1 

- 

- 

- 

0.05 

0.07 

- 

0.04 

0.06 

0.17 

M,         . 

i 

- 

- 

- 

- 

- 

- 

15. 

- 

- 

- 

- 

~ 

- 

16. 

- 

• 

0.46 

* 

* 

o.os 

* 

* 

• 

0.80 

17. 

0.46 

1 

0.12 

0.26 

0.16 

* 

* 

0.13 

• 

* 

« 

18. 

1 

2.00 

2.00 

1.02 

2.29 

1.87 

1.94 

« 

* 

1.43 

1.13 

w. 

0.01 

- 

- 

- 

- 

- 

1.46 

1.82 

« 

20. 

1 

0.40 

* 

- 

- 

• 

- 

- 

0.20 

21, 

2.47 

1.62 

2.29 

2.54 

1.42 

0.24 

• 

* 

* 

- 

22. 

'    0.06 

- 

0.04 

0.14 

• 

0.78 

1.56 

1.12 

0.57 

0.49 

23, 

i 

- 

- 

0.05 

- 

- 

^ 

0.02 

0.20 

24, 

I 

- 

- 

- 

- 

- 

- 

- 

25. 

1        ~ 

_ 

* 

« 

- 

- 

- 

• 

26. 

1.06 

1.50 

1.57 

1.77 

2.97 

3.50 

1.92 

3.26 

4.03 

4.95 

27, 

0.02 

- 

- 

- 

- 

- 

~ 

0.14 

28, 

- 

- 

- 

- 

-■ 

0.02 

0.01 

0.07 

0.80 

29. 

- 

- 

- 

- 

- 

- 

- 

80, 

- 

0.05 

- 

- 

- 

- 

- 

- 

• 

- 

ToUIb,  , 

8.83 

9.34 

9.84 

10.57 

8.00 

9.45 

7.74 

7.97 

8.79 

11.56 

*  Precipitatloo  Incladed  In  that  of  following  dmy. 
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WATER  SUPPLY  AND  SEWERAGE. 
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Daily  lininfall  at  Ten  Places  in  Massachusetts^  QeographiccUly  Selected, 

October^  1888. 


Dat  or  Month. 


1. 
2. 
3. 
4» 

6, 

6. 
7. 

8. 

9. 
10. 
11. 
12. 
13, 

15, 

16. 
17, 
18, 

1». 
20. 

21. 
22. 
23. 
24, 
25. 
26. 
27. 
28, 
2». 
30, 
81, 


ToulB, 


1.23 


O.U 
1.16 

0.03 


0.19 
0.32 
0.34 

0.03 
0.83 
0.01 

0.21 


0.04 
0.76 


0.60 
0.42 
0.10 


0.15 
0.80 

0.05 


0.15 
0.17 
0.32 

0.10 
0.60 

0.02 
0.70 


0.01 
0.80 


Si 

a 
> 
t, 


0.50 
0.57 


0.52 
0.48 

0.04 


0.09 
0.08 
0.18 

0.16 
0.34 


0.54 


0.02 


- 

- 

0.15 

0.08 

0.12 

0.55 

0.58 

0.38 

0.32 

_ 

0.22 

- 

- 

- 

6.31 

5.65 

5.14 

I 


1.13 


1.32 
0.02 


0.40 
0.24 

0.14 
0.43 

« 
0.27 


0.82 


« 

0.52 
0.11 


5.40 


I 


0.78 


1.76 
0.02 


0.26 
0.15 

• 
0.20 

* 
0.56 


0.06 
0.65 


5.29 


-      I 


g| 


& 


« 

0.70 


0.82 
0.42 


0.30 
0.13 


0.16 
0.44 


0.97 

0.06 
0.47 
0.07 


4.54 


i 


• 

« 

1.06 

0.60 

- 

0.31 

_ 

* 

• 

• 

1.81 

1.51 

•     — 

- 

* 

* 

0.27 

* 

O.U 

0.37 

- 

- 

* 

0.04 

0.73 

o.ia 

• 

0.47 

0.33 

: 

0.90 

0.99 

« 

• 

• 

0.05 

0.54 

0.42 

0.17 

0.08 

• 

- 

- 

- 

5.92 

4.94 

e 
5 

8 
0 


0.25 
0.01 

0.01 

1.78 


0.12 
0.05 

0.06 


0.76 


0.88 


0.05 
0.72 


4.60 


•9 
I 


0.19 
0.01 


0.02 
0.02 
0.54 


0.09 


0.12 


0.04 


0.81 


0.66 


0.04 
0.01 
0.49 
0.03 


3.07 


*  Precipitation  included  in  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec. 


Daily  Rainfall  at  Ten  Places  in  Massachusetts^  Oeographically  Selected, 

November^  1888.  — 


DAT  OF  Month. 

• 

o 

• 

a 

1 

1 

5 

i 

• 

I 

1, 
s 

1 

e 

3  . 
gs 

U 

■ 

8 

i 

J3 

1 
s 

■    o 

B 

a 

1 

in 

1, 

1 
1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3. 
4. 

0.17 

0.30 

0.33 

0.15 

0.10 

0.07 

0.10 

0.06 

0.14 

0.02 

6. 
6. 

- 

— 

— 

— 

— 

— 

— 

0.04 

0.17 

7. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

8. 

« 

o.a3 

- 

« 

• 

0.20 

« 

« 

• 

0.14 

». 

0.67 

0.45 

0.48 

• 

• 

0.05 

0.54 

« 

0.20 

0.97 

10, 

0.75 

1.75 

1.53 

1.87 

1.86 

1.55 

1.02 

1.25 

2.50 

0.S6 

11. 
12, 
13. 
14, 
16. 

0.32 

0.06 

0.06 

: 

- 

- 

- 

: 

- 

- 

1.15 

0.90 

0.66 

0.91 

0.84 

0.95 

* 

0.09 

0.92 

0.87 

16. 

o.ni 

0.10 

0.13 

* 

* 

• 

0.73 

0.14 

0.28 

0.22 

17. 

- 

- 

0.05 

0.04 

0.23 

0.19 

0.14 

- 

- 

- 

18. 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19. 

20, 

21. 
22 

23. 
24. 
25. 

• 

0.50 

0.40 

0.44 

0.40 

0.45 

0.40 

0.37 

0.36 

0.77 

0.78 

- 

- 

- 

- 

- 

- 

- 

4t 

- 

- 

J 

* 

« 

* 

* 

• 

* 

• 

• 

1 
* 

• 

26. 

0.27 

0.60 

« 

* 

* 

* 

« 

• 

3.23 

3.11 

27. 

0.21 

0.27 

1.50 

2.73 

3.86 

4.50 

3  18 

3.95 

1.05 

- 

28. 

0.02 

- 

- 

- 

- 

- 

1 

- 

- 

- 

2».         . 

0.J7 

0.20 

- 

0.18 

0.30 

0.26 

* 

- 

• 

0.09 

80.         . 

0.02 

0.03 

- 

- 

- 

- 

0.08 

0.18 

0.12 

- 

TotJ 

»1.,  . 

4.36 

5.08 

5.18 

6.28 

7.64 

8.17 

6.16 

6.63 

0.25 

7.24 

*  PrecipltatioD  iDoIaded  In  that  of  following  day. 
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DaUff  Rainfall  at  Ten  Places  in  Massachusetts,  Oeographically  Selected. 

December,  188'8. 


Dat  or  UoxTii. 

• 

1 

• 

1 

• 

S. 

s 
> 

% 

s 
O 

• 

1 

• 

1 
1 

e 

Boston. 

• 

• 

1 

• 

a 

• 

1. 
2. 

- 

- 

- 

- 

- 

0.04 

- 

- 

0.01 

3, 
4, 

0.05 

0.05 

o.u 

0.03 

: 

0.02 

— 

O.IS 

— 

— 

6. 

- 

- 

0.02 

0.01 

• 

0.02 

- 

- 

- 

- 

7,         . 
8, 

O.OI 

- 

- 

- 

0.00 

- 

- 

- 

- 

0.03 

. 

. 

_ 

. 

• 

* 

_ 

_ 

. 

_ 

9. 

^  « 

« 

0.55 

0.54 

0.03 

0.73 

0.63 

0.39 

0.46 

0.60 

0.48 

10, 

0.75 

- 

• 

- 

- 

- 

- 

- 

• 

- 

11, 
12 

0.10 

0.55 

0.57 

0.86 

0.51 

0.9B 

0.52 

1.09 

1.26 

1.61 

13. 

- 

- 

- 

- 

- 

. 

- 

- 

- 

14, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

- 

• 

- 

- 

«■ 

- 

- 

- 

- 

16. 

• 

- 

- 

- 

- 

- 

- 

- 

• 

- 

n, 

• 

2.70 

2.30 

2.02 

« 

* 

« 

* 

« 

- 

18, 

2.30 

0.75 

1.20 

1.42 

4.02 

8.51 

8.58 

3.54 

1.66 

1.04 

19, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21, 

- 

- 

- 

- 

0.02 

- 

- 

- 

22, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

27, 

0.47 

0.50 

0.45 

0.30 

0.27 

0.10 

0.24 

0.23 

0.44 

0.31 

28. 

- 

- 

- 

- 

- 

- 

- 

• 

- 

- 

29. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31. 

- 

- 

- 

- 

- 

♦ 

- 

- 

0.01 

0.01 

Tot 

ftlfl.  . 

3.68 

5.10 

5.22 

5.80 

5.01 

5.36 

4.77 

5.50 

8.97 

3.60 

*  Precipitation  inolnded  in  that  of  following  day. 


650 


WATER  SUPPLY  AND   SEWERAGE. 


[Dec, 


Daily  Rainfall  at  Ten  Places  in  MassachuseUs,  Geographicaily  Selected. 

January^  1889* 


Day  or  Month. 

■ 

2 
I 

• 

1 
1 

Qllbertvllle. 

1 

Fitchbnrg. 

a 

8 

a 
|5 

• 

1 

• 

1 

s 

• 

'y. 

1. 
2. 
3. 

6. 

1 

1 

1        - 

1 

- 

- 

- 

- 

- 

- 

- 

1 

1 

:  0.03 

0.01 

- 

- 

- 

- 

- 

- 

- 

— 

«. 

0.56 

0.30 

0.26 

0.67 

• 

• 

- 

• 

2.25 

• 

8, 
0. 

0.38 

0.25 

0.27 

0.50 

2.69 

4.06 

2.17 

2.08 

0.48 

2.56 

0.93 

0.85 

0.53 

0.55 

• 

* 

. 

• 

1.15^ 

0.60 

10. 

0.08 

0.15 

0.10 

0.03 

0.59 

0.45 

- 

0.24 

- 

- 

11. 
12. 

13, 

u. 

15, 

!     - 

- 

- 

: 

: 

0.43 

- 

- 

- 

1     ■ 

- 

- 

- 

- 

1  ~ 

- 

- 

16, 

0.03 

0.02 

0.11 

0.02 

- 

* 

- 

* 

- 

17, 
18, 

i     0.99 

1 

1.05 

1.43 

1.84 

0.62 

0.52 

0.66 

0.33 

0.60 

1.10 

1», 
20, 

j 

« 

* 

* 

0.02 

- 

• 

— 

— 

- 

21, 

0.35 

0.42 

1.48 

1.39 

• 

0.61 

1.31 

0.98 

0.04 

0.93 

22, 
23. 
24, 

1 
1 

- 

- 

_ 

0.61 

- 

- 

- 

- 

- 

'     O.Ol 

— 

— 

_ 

0.04 

25. 
27. 

1 

- 

- 

- 

- 

- 

- 

0.02 

- 

— 

0.60 

Q.hb 

1.00 

0.85 

0.86 

0.58 

* 

• 

0.62 

28,         . 

0.65 

0.30 

- 

0.10 

- 

- 

0.03 

0.70 

0.70 

- 

29. 

1 

0.02 

- 

0.01 

- 

- 

- 

- 

0.01 

- 

80, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

31, 

- 

- 

- 

0.01 

0.03 

- 

0.03 

- 

- 

0.06 

Tot 

al«. 

4.01 

i 

3.97 

4.73 

5.73 

5.39 

6.50 

5.21 

5.23 

6.15 

5.91 

• 

♦   Pra4>{r 

lit^tlnn  li 

inlnHAH  1 

n  tKa*  nl 

fnllAOflt 

\tr  Amvr 
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Dculy  Sain/all  at  Ten  Places  in  Ma*»ackiiseU»,  Otographically  Selected. 

February,  1889. 


1)AT  or  Month. 

• 

"3 

1 

• 

1 
5 

• 

=s 
► 

1 
5 

3 
1 

1 

\ 

•1. 

c 

i 

1 

• 

1 

e 

1 

• 

1 

1. 
2. 
3. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

- 

0.01 

0.01 

- 

- 

- 

- 

- 

*. 

1 
1 

- 

1 

- 

- 

- 

- 

- 

- 

- 

5. 

0.03 

0.05 

1 

0.15 

• 

0.48 

0.28 

• 

0.62 

- 

«. 

- 

0.20 

1     0.05 

0.22 

0.27 

- 

0.08 

0.62 

- 

0.72 

7. 

1     0.30 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8. 

1 
1 

- 

- 

- 

• 

• 

- 

- 

• 

- 

». 

- 

0.10 

0.22 

0.05 

0.11 

0.13 

0.05 

0.10 

0.26 

0.45 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11. 

, 

~ 

- 

0.02 

• 

• 

- 

• 

• 

0.20 

12. 
13. 
14, 
15, 
16. 

0.16 

0.20 

0.23 

O.U 

- 

0.23 

0.34 

0.44 

0.49 

0.26 

• 

i 

1 

• 

0.20 

- 

0.00 

•• 

- 

- 

• 

• 

17. 

0.38 

1 

0.35 

- 

0.26 

0.44 

0.36 

0.41 

0.47 

0.35 

0.64 

18, 

\    0.45 

0.50 

♦ 

0.46 

0.57 

0.58 

0.34 

0.46 

0.65 

0.65 

1». 
20. 

\    0.15 

1 

0.05 

0.45 

0.03 

: 

: 

- 

: 

•" 

: 

21. 
22. 
23. 

■ 

~ 

- 

- 

O.Ol 

24. 

- 

— 

~      i 

~ 

~ 

— 

. 

• 

— 

25. 

1 

0.01 

- 

- 

- 

- 

- 

- 

0.08 

0.07 

26, 

- 

- 

• 

- 

- 

- 

- 

- 

- 

- 

27, 

0.25 

1                                1 

0.20 

0.18 

0.08 

0.02 

0.04 

- 

0.03 

- 

0.01 

28. 

0.70     '• 

1 

0.10 

- 

0.01 

- 

- 

0.05 

- 

2.22 

- 

Tou 

hIh,  . 

2.42    j 

1.97 

1.13 

1.72 

1.6S 

1.93 

1 

1.66 

1 
2.07 

2.75 

Precipitation  Incladcd  in  that  of  following  day. 
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WATER  SUPPLY  AND   SEWERAGE. 


[Dec, 


Daily  Rainfall  al  Ten  Places  in  Massachuselts^  Oeographically  Selected. 

March,  18S9. 


« 

d 

^ 

• 

DAT  OF  Month. 

■ 

If 

1 

s 

i 

6 

IS 

a 

JO 

1 

U4 

1 

e 

1 

e 

M  a 

9    O 

el 

e 

i 

3 

1 

• 

c 

2 

c 

■  e 

t 

1. 
2. 
8. 
4. 
6. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.15 

0.50 

0.60 

0.48 

• 

• 

- 

• 

• 

- 

«. 

0.45 

0.60 

0.66 

0.45 

• 

• 

- 

0.73 

0.68 

0.90. 

7. 
8. 

— 

0.06 

0.21 

0.07 

1.10 

1.03 

1.48 

• 

0.07 

„ 

10. 

^ 

_ 

^ 

_ 

"" 

: 

. 

~ 

11. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.13, 

- 

- 

- 

- 

- 

- 

- 

- 

"* 

14. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15, 

1 

- 

- 

- 

"• 

- 

- 

- 

~ 

- 

16. 

'     0.12 

- 

- 

•• 

« 

• 

- 

• 

• 

IT. 

0.11 

0.12 

- 

0.14 

« 

• 

- 

• 

« 

- 

18, 

- 

0.12 

0.40 

0.26 

• 

0.50 

0.39 

0.50 

0.67 

0.62 

w. 

1        - 

- 

- 

0.03 

0.59 

- 

0.03 

- 

- 

20, 

- 

• 

- 

- 

- 

- 

- 

- 

0.18 

- 

21, 
22 

- 

0.05 

- 

- 

- 

- 

- 

- 

- 

0.42 

23, 

- 

- 

- 

- 

- 

- 

- 

^ 

- 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26. 

- 

" 

- 

- 

• 

- 

- 

- 

- 

26, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

• 

2T. 

- 

- 

- 

- 

• 

- 

- 

- 

- 

0.13 

28, 

0.07 

0.30 

0.33 

0.15 

0.14 

0.15 

0.13 

0.02 

0.23 

0.06 

29, 

0.07 

- 

- 

- 

- 

- 

- 

0.13 

"■ 

- 

30, 

- 

0.15 

0.12 

o.os 

0.03 

0.03 

- 

• 

0.13 

- 

31, 

0.50 

0.30 

0.78 

0.29 

0.60 

0.40 

- 

0.28 

0.30 

0.67 

ToUls,  . 

1.47 

2.09 

2.89 

1.91 

2.40 

2.17 

2.03 

1.00 

2.20 

2.09 

*  Precipitation  included  In  that  of  following  day. 
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Daily  Rainfall  at  Ten  Places  in  MassackuseUs,  Oeographically  Selected. 

April,  1889. 


Day  of  Month. 

• 

1 

• 

a 

1 

1 

• 

B 

m 

a 
1 

e 

Chmtnnt  Hill, 
Bonton. 

i 

6 

5 
• 

• 

S 

(2 

c 

mm 

3 

«s 

New  Bedford. 

1, 

0.83 

O.flO 

• 

0.83 

• 

• 

- 

• 

« 

* 

2, 

0.32 

0.30 

0.50 

0.18 

0.85 

1.04 

1.86 

1.18 

1.28 

0.69 

3. 
6. 

0.10 

0.10 

- 

0.06 

0.04 

0.05 

0.06 

0.04 

0.09 

0.04 

- 

. 

- 

- 

- 

- 

- 

> 

0.02 

-. 

-• 

~ 

„ 

^ 

~ 

0.13 

: 

■ 

8. 

1 

~ 

. 

^ 

*• 

. 

~ 

0.07 

10. 

! 

- 

- 

- 

- 

- 

- 

- 

- 

- 

n, 

1 

- 

- 

- 

- 

- 

- 

- 

- 

0.21 

12, 

0.01 

0.07 

0.11 

- 

0.04 

« 

- 

• 

0.45 

0.06 

13. 

- 

0.13 

0.09 

- 

0.14 

0.31 

0.07 

0.14 

0.31 

0.28 

14. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15. 

flW 

- 

- 

flW 

- 

- 

- 

- 

- 

- 

1«, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT. 

- 

- 

- 

0.02 

« 

• 

- 

« 

0.85 

0.09 

18, 

- 

0.02 

- 

0.12 

0.59 

0.66 

- 

0.50 

- 

0.12 

w, 

- 

flW 

- 

- 

- 

- 

0.33 

- 

- 

- 

20, 

0.04 

0.15 

0.04 

0.10 

• 

0.21 

0.10 

0.10 

~ 

0.01 

21. 

- 

- 

0.08 

0.02 

0.30 

0.03 

0.03 

0.02 

0.05 

- 

22. 

- 

- 

- 

- 

- 

- 

- 

- 

23. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25. 

• 

- 

- 

0.05 

• 

0.03 

- 

- 

0.05 

0.04 

26. 

0.45 

0.10 

0.64 

1.05 

0.03 

• 

- 

• 

1.33 

l..'i4 

27. 

0.90 

1.05 

0.40 

0.&4 

- 

• 

1.78 

1.46 

0.17 

0.10 

28. 

0.24 

0.10 

0.17 

0.06 

1.60 

1.66 

0.20 

0.10 

0.02 

0.01 

29.         . 

O.Ol 

0.05 

- 

- 

- 

0.08 

0.07 

- 

- 

0.00 

30. 

- 

- 

- 

- 

- 

- 

- 

- 

- 
4.62 

- 

Toti 

Ala,  . 

2.90 

2.73 

2.03 

3.12 

8.50 

4.02 

4.12 

3.60 

4.22 

*  PreciplUtloQ  ineladed  In  that  of  following  day. 
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Daily  Rainfall  at  Ten  Places  in  MassachtiseUs,  C^ographically  Selected. 

May,  1889. 


DAT  OF  Month. 

1 
1 

Deerflcld. 

1 

Lndlow. 

• 

1 

5 

1 

i 

1 
i 

I 

II 

i 

a 

e 

1 

Taunton. 

I 

•> 

'A 

1. 

- 

- 

- 

- 

- 

• 

• 

- 

— 

• 

2, 

1        ~ 

0.02 

_ 

- 

- 

- 

- 

- 

- 

3. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4. 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5. 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7 

I 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10, 

j 

i 

- 

- 

- 

- 

- 

- 

- 

.  ■     0.3« 

1 

0.12 

. 

0.25 

0.22 

0.05 

0.25 

_ 

0.30 

0.02 

11. 

j     0.01 

0.05 

0.18 

0.10 

- 

- 

- 

- 

0.04 

12. 

- 

- 

- 

- 

- 

- 

- 

- 

0.05 

o.oa 

13. 

.  1     • 

1 

0.02 

- 

0.03 

• 

0.09 

0.17 

- 

0.34 

0.57 

14, 

.  !     0.79 

0.08 

0.17 

0.36 

0.06 

- 

0.67 

0.03 

0.01 

0.12 

15. 

1 

0.18 

- 

0.02 

- 

- 

- 

- 

- 

10. 

1 
1 

0.20 

- 

- 

- 

- 

- 

- 

- 

17. 

- 

- 

— 

- 

- 

- 

- 

18. 

- 

«• 

- 

- 

- 

19. 

1 
I 

- 

- 

- 

- 

- 

20. 

0.95 

1.00 

0.60 

0.95 

• 

• 

- 

- 

1.48 

1.24 

21. 

.       0.59 

0.65 

0.38 

0.69 

2.55 

3.17 

2.29 

1.99 

0.20 

0.48 

22, 

' 

- 

^ 

- 

- 

- 

- 

- 

- 

0.01 

23. 

1 

- 

- 

- 

- 

- 

- 

0.03 

0.18 

0.76 

24. 

1 

- 

- 

~ 

- 

- 

- 

- 

- 

25. 

.        0.13 

0.45 

0.18 

0.07 

0.22 

0.04 

0.09 

0.07 

- 

- 

26. 

• 

0.30 

0.36 

0.32 

0.32 

0.34 

0.36 

0.28 

0.54 

0.68 

27. 

■    0.68 

0.40 

0.37 

0.50 

0.66 

• 

- 

• 

• 

1.35 

28, 

0.04 

0.08 

0.11 

0.01 

0.74 

0.50 

0.57 

0  90 

- 

29, 

- 

- 

- 

- 

- 

- 

80. 

0.08 

0.05 

- 

_ 

- 

0.05 

- 

- 

0.01 

0.02 

31. 

0.25 

0.15 

- 

_ 

- 

- 

0.14 

0.05 

0.03 

Tot 

eiIb,  . 

3.88 

3.57 

2.53 

8.28 

4.05 

4.78 

4.33 

8.11 

4.06 

5.40 

*  Precipitation  included  in  that  of  following  day. 
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Flow  of  Streams. 

The  unusually  large  flow  of  the  atreams  during  the  two  years 
under  consideration  has  already  been  referred  to,  while  discussing 
the  rainfall.  For  the  eastern  portion  of  the  State  a  more  accurate 
determination  of  the  departure  from  the  normal  flow  may  be  obtained 
from  the  records  of  the  flow  of  Sudbury  River,  published  in  the 
reports  of  the  Boston  Water  Board.  The  records  would  in  some 
years  be  applicable  to  ike  whole  State,  but  in  the  summer  of  1887 
are  not  at  all  so,  as  the  rainfall  was  then  very  unequally  distributed, 
being  much  higher  in  the  western  portion. 

The  drainage  area  from  which  the  flow  was  measured  is  75.2 
square  miles.  Within  this  area  the  city  of  Boston  has  five  reser- 
voirs, which,  when  full,  have  an  aggregate  area  of  1.38  square 
miles.  In  estimating  the  flow,  due  allowance  is  made  for  varia- 
tions in  the  height  of  the  water  in  these  resei'voirs,  so  that  the 
records  indicate  the  natural  flow  of  the  stream,  modified  only  by  the 
storage  in  such  reservoirs  and  mill  ponds  as  are  not  controlled  by 
Boston. 

The  city  reservoirs  cause  the  flow  to  be  smaller  than  it  otherwise 
would  l>e  during  the  summer  months  whenever  the  evaporation  ex- 
ceeds the  rainfall ;  that  is  to  say,  in  all  summer  months  of  low  ruin- 
fall.  The  normal  flow  given  in  the  following  table  is  the  average  of 
eleven  years,  from  1879  to  1889  inclusive,  during  which  time  the 
area  of  evaporating  surfaces  has  been  approximately  constant.  The 
depai-tures  from  the  normal  are  given  in  bold-faced  type  :  — 

Tabu  showing  flow  of  Sudbury  River  from  June,  1887,  to  May,  1889,  inclusive, 
in  cubic  feel  per  second  per  square  mile  of  drainage  area,  also  departures 
from  the  normal  ftow. 
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The  fluctuations  in  the  flow  of  the  streams  during  the  two  years 
from  June,  1887,  to  May,  1889,  inclusive,  are  illustrated  l>y  two 
tables  and  a  diagram,  which  follow. 

The  first  table  shows  the  average  monthly  flow  in  cubic  feet  jwr 
second  j>cr  square  mile  of  drainage  area  of  all  streams  measured. 
The  flow  of  the  Sudbury  and  Merrimack  is  the  rate  for  the  whole 
day ;  that  of  other  streams,  the  rate  during  working  hours. 

Tabic  shounng  the  average  vwnthli/ Jl&w  ofriuers  in  MassachtfscUs,  in  cubic  feet  per 
second  per  sijuare  mile  of  drainage  afta,  from  June,  1887,  to  May,  ISSi/.' 


i 

1 

E 

is 

J 

1" 

i! 

i; 

1 

i 

i 

i 

it 

li 

i 

B 

s 
1 

ll 

1= 

1 

j 

r 

J"')- 

J-iDHwy.         .       .        . 

W.ivh 

.Apill 

M") 

July,        .... 

*AuKU-I 

Bepl^DWr,      .        .        . 

Novamlwr,      .       .       . 

Februnry, 

M^rch,     .... 

April 

0.30 

i,ai 
i.ea 

S.ll 

!:» 

l.TO 
S.IS 

I. (3 

s.os 

l.M 

3.ia 

3.04 
It.M 
S.IO 

0.M 

i.M 
2.BT 

l.« 

S.TO 

\.m 
\u 

4.00 

t.TB 

3.!l 
4.61 

3.09 
l.M 
l.Ji 

1.U 

I.W 
KM 

;» 

1.J7 
B.8T 

o.u 

1..KI 
l.tA 

s.*o 

3.13 

";» 

9.ES 

o.u 

1.U 

LfUS 

s.sa 

I.W 
!.■» 

s.aj 
4.;s 

D.W 

i.eo 

4.M 

o.n 

- 
- 

i.« 
i.« 

- 

O.IT 
O.M 

1,78 

- 

1.47 

',Z 

a.. 

_ 

_ 

;;;: 

IBM  for  Itii  B-hola  dajr  la  glTon;  in  other  eawa,  ih* 
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Tlie  diagram  rcpresenta  graphically  the  facta  presented  in  the 
(ibovo  table,  except  tliat,  to  avoid  confusion  of  lines,  tlie  averar/e  flow 
of  al!  sti-eams  excepting  the  Sudbury  and  Klerriraack  is  given. 


DucfUM  OF  Flow  or  RivcnSi. 


A             .» 

■^t       L                               A-^ 

15       I                        ^' 

lEtkS           7l^^ 

IE'  J4            E'  SI 

^3       J        5  --^ 

^           tit         ^I'-i, 

SZV        4'^         %      ^           ^    ^ 

^^,^7             3V    i^ 

"-1*  /                   -y 

N^^ — T'                                      N/ 

M   i   i   t  E   !   M   I   i   I  f  }   I  i   f  i   1  M   M 


The  second  table,  given  below,  shows  in  greater  detail  than 
the  other  tiie  fiuctuutiund  in  the  flow  of  the  two  streams  mo!>t  care- 
fully measured ;  namely,  the  Sudbury  and  the  Merrimack.  The 
great  diflerence  between  the  flow  per  square  mile  of  these  two 
streams  during  the  summer  of  1887  is  mainly  due  to  the  much  larger 
rainfall  upon  the  watershed  of  the  latter. 

Table  showing  the  average  weekly  flow  of  the  Sudbury  and  Merrimack  rivers, 
in  cubic  feet  per  second  per  square  mile,  from  June,  1837,  to  May,  13S9, 
inclusive. 


Wim  ESDI 

^rnvfr" 

"•ss." 

Wim  ENDisa 

6^^ 

Uerrlnmck 

Sis  Mr. 

'^v'v.rii^ 

per  .n.  mile.' 

Co.  ft.  ptr  IK. 

•i^r^^iil^- 

Jone    &. 
Jnlj    3. 

I.4M 

0.088 

O.MS 

\.9Xl 
S.3U 

o.sn 

S.U3 

ISS7 

Ant.    1. 

"■ 

SI. 

% 
8<pt.  4, 

11. 

18. 

16, 
Oot.     J, 

-Cot 

■m 

l.WJ 
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Table  showing  the  average  weekly  fiow  of  the  Sudbvry  arid  Merrimack  rivers, 
in  cubic  futt  per  second  per  square  tnile,  from  June,  1SS7,  to  May,  1889, 

inclusive      Confluded, 


SodHurr          Mm) 

i^ 

Hailliory 

i<.r„n...,. 

Wki  Esniso 

SCKDII. 

Cu.rt.  ptr.K,   Cu.fi. 

a.llt 

iwr  iq  mlK. ' 

p^r^.muf.' 

•  SST-Coa 

IMS-Coa. 

oa.    fl.    .       .'      . 

Aug.    6,     .       .        . 

O.101 

l^ 

0 

JOS             0 

-11 

13> 

a.2as 

0.431 

45S                0 

IB, 

a.iM 

p.TOS 

3M                   0 

IS, 

Hov.    «, 

0 

281                   0 

UO 

Sept.  s. 

O.SBB 

0.4H 

13, 

B, 

O.MS 

0.4&S 

aw 

10, 

«, 

0 

uo             1 

ilOt 

33. 

3.31t 

2.200 

Doc.    *. 
11. 

• 

i    i 

wg 

30. 

Oct.     7. 

4. Ml 

3.177 
a.307 

M, 

" 

OJl                   ] 

MS 

S8. 

8.o» 

2.790 

Jul.     1*" 

I 

wl              I 

tM 

No..    «, 

I.3M 
2.S4S 

"'m 

1*. 

1 

tKS                1 

m 

18, 

3.711 

3.0M 

n. 

xa 

M, 

a.777 

SB. 

0 

SU                2 

on 

D«.  a. 

».221 

4.  SIS 

Fob.    ft. 

20. 

1 

Kl                I 

S41                   3 

BIS 

125 

10. 
M. 

S.flSB 

;:» 

Mir.    4, 

1 

-u             a 

Hi            a 

i 

Jm.     fl. 
13, 
20, 

w. 

':Z 

;:S 

Apr.    i. 
15. 

• 

8M 

Fob.    3, 
10. 

"T 

ii 

3B( 

17. 

29, 

s 

ItT                 B 

21  § 

ai, 

a.iu 

l.M 

M«r    0. 

J 

KH                i 

MO 

10. 

BSM 

S.SXi 

2". 

\ 

713                S 

b" 

ei. 

1  ;s» 

l:'Z 

Jtll»    3. 

1 

Kt                1 

7« 

10, 

0 

TM                1 

71S 

Apr.    7. 

S.ODS 

2.0ia 

I3S 

It. 

2.-M 

2.474 

Julj    1, 
8, 
16, 

• 

i    i 

«9a 

4S1 

2S, 
12, 

z.ies 
i.sas 

1.4S3 

MB 

IB, 

o.aii 

W. 

0 

lis             0 

4U 

se. 

3.ioa 
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Temperature  of  Air. 

The  temperature  of  the  air  during  the  year  beginning  June  1, 
1887,  WAS  lower  than  the  normal  every  month  except  July  and 
Dcceniljcr.  January  was  very  cold,  and  thick  ice  formed  upon  the 
ponds  and  rivers.  The  average  temperature  for  tlie  whole  year  v-as 
1.6  degrees  Fahrenheit,  below  the  nonnal.  The  second  year, 
although  the  temperature  averaged  0.8  of  a  degree  above  the  nor- 
mal, was  characterized,  by  an  unusually  cool  summer  and  autumn 
and  by  a  warm  winter.  February  was  the  only  cold  month,  and 
ice  then  formed  to  a  thickness  of  from  eight  to  twelve  inches. 

The  departures  from  the  normal  are  given  in  detail  in  the  follow- 
ing table,  compiled  from  the  Bulletin  of  the  New  England  Meteoro- 
logical Society :  — 


i 

i 

1 

1 

j 

1 

1 

■Z 

1 

i 

i    1 

Joae,  IlfT,  lg  iS»j.  ns», 
Juoii,  IMS,  to  Uny,  lSSr>, 

M.S 

Ti.I 
-*.D 

M.3 

eo.i 

-it 

«.« 
-s.» 

z 

-D.* 
■H.O 

M.S 

HA.* 
+1.4 

+S,» 

Si.T 

-t.8 

::; 

-!.S 

M.S 

+a.t 

1 

Temperature  op  Water. 

The  temperature  of  water  is  of  much  more  importance  than  that 
of  the  air,  liecauso  it  influences  directly  the  growth  and  decay  of 
organisms  which  cause  bad  tastes  and  odors.  It  also  has  a  marked 
effect  upon  the  waters  of  deep  ponds,  at  on©  season  of  the  year 
preventing,  and  at  another  promoting,  the  circulation  between 
layers  of  water  at  different  depths. 

In  view  of  the  importance  of  this  subject,  arrangements  were 
made  for  obtaining  daily  records  of  the  temperature  of  many  of 
the  water  supplies  of  the  State.  From  these  records,  and  others 
kept  in  previous  years  on  the  Boston  Water  Works  and  at  Spring- 
field, certain  important  conclusions  may  be  drawn. 

The  mean  annual  tempei-ature  of  surface  and  ground  waters  is 
nearly  the  same  ;  but  the  former  becomes  warm  and  cold  at  different 
seasons  of  the  year,  like  the  atmosphere,  while  the  teuiperature  of 
the  latter  is  nearly  constant  at  all  times.  It  is  therefore  necessary 
to  consider  these  two  classes  of  water  separately. 
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Temperaiure  of  /Surface  Walers. 
Ponds  and  Reservoirs.  —  The  temperature  of  water  stored  in 
ponds  iind  i-eservoirs,  when  taken  near  the  surface,  w  nearly  the 
same  in  all  parts  of  the  State,  and  is  independent  of  the  depth 
except  when  the  water  is  unusually  shallow.  These  features  are 
illustrated  by  the  following  table. 

Tabic  shoicirtg  Comparative   T^mperalurea  of  Fonda  and 
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The  fii*3t  column,  used  aa  a  standard,  contains  an  average  of  tem- 
peniturcs  recorded  at  three  reservoirs ;  namely,  the  Ludlon  Reser- 
voir of  the  Springfield  Water  Works,  and  Reservoir  No.  3  and 
the  Brookline  Reservoir  of  the  Boston  Water  Works ;  the  other 
columns  show  departures  from  this  standard,  -{-  indicating  a  higher 
tempemture,  and  —  a  lower  one. 
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By  examining  the  tiihle,  it  will  be  observed  that  there  are  a  few 
exceptions  to  the  rule  above  stated.  This  may  be  due,  in  some 
instances,  to  taking  the  temperature  too  near  the  surface,  where  the 
water  is  warmer  in  the  summer  and  colder  in  the  winter;  and  in 
other  cases  to  the  situation  of  the  pond,  and  possibly  to  its  depth, 

There  is  no  doubt  that  the  water  in  very  shallow  ponds  may 
he  much  warmer  than  in  deeper  ones.  As  an  instance  of  this, 
the  water  of  Pilling's  Pond,  in  Lynnfield,  which  has  an  area  of  about 
85  acres  and  a  depth  of  but  4  feet,  was  found,  by  observations  on 
five  days  in  July  and  August,  1880,  to  range  from  3  to  C  degrees 
warmer  than  the  water  of  ordinary  ponds.  On  the  other  hand,  tha 
water  of  this  pond  on  the  23d  of  September  was  3  degree.s  colder 
than  that  of  other  ponds;  showing,  as  might  be  expected,  that  a 
very  shallow  pond  cools  off  more  rapidly  than  a  deep  one.  As  aa 
example  of  the  very  high  temperature  which  water  may  attuin  in 
summer,  it  may  be  stated  that,  in  a  small  and  generally  shallow 
reservoir  at  Wayland,  on  a.  sunny  day  at  the  end  of  June,  1889,  the 
temperature  of  the  water  at  the  surface  was  8(i  degrees,  and  two  feet 
below  the  surface,  81  degrees. 

Notwithstanding  the^e  exceptional  cases,  the  observations  as  a 
whole  furnish  an  important  addition  to  our  knowledge,  because  it  is 
now  possible  in  most  cases  to  deduce,  from  records  kept  regularly 
at  several  water  works,  the  temperature  of  other  waters  when  affected 
by  abnormal  growths  of  alga),  or  by  bad  tastes  and  odors.  In  this 
we  are  not  restricted  to  present  and  future  cases ;  but,  when  the 
dates  of  past  troubles  are  known,  the  temperatures  associated  with 
them  may  be  determined. 

The  temperature  of  surface  waters  does  not  vary  much  from  year 
to  year;  therefore,  a  mean  curve  deduced  from  the  average  of  ob-. 
servations  for  a  long  period  will  represent  approximately  the  fluctu- 
ations which  occur  each  year.  A  curve  of  this  kind  and  a  table 
are  given  below,  to  each  of  which  has  been  added  the  normal 
temperature  of  the  air  in  Massachu-setts,  as  obtained  from  the  Bulle- 
tin of  the  New  England  Motoorologieal  Society  for  1888.  This  is 
shown  on  the  diagram  by  a  dotted  line. 
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Tabic  xhot-ing  the  normal  Itmpernlure  of  water  tnpondt  and  reaervoirg  in  Mama- 
e.kuaclls,  deduced  from  obstrvalions  at  Ihrte  reMTooirt  for  about  ten  years ;  also 
Ihe  normal  temperature  of  the  air. 
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A  comparison  of  the  t^o  curves  presents  some  interesting  features. 
It  will  lie  noticed  first  that  tbo  water  ia  always  as  warm  as  or  warmer 
than  the  air.  The  reason  for  this  in  winter,  when  the  diSeronco  is 
greatest,  is  obvious,  as  the  temperature  of  the  air  at  this  time  sinks 
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far  below  the  freezing  point,  and  the  water  i^  protected  from  the 
cold  by  a  covering  of  ice.  From  the  beginning  of  the  spring  until 
midsummer  the  differences  between  the  temperatures  of  the  air  and 
water  is  small ;  but  it  is  noticeable  that  the  temperature  of  the  water 
is  always  as  high  or  higher  than  that  of  the  air.  After  midsummer 
until  winter  the  water  is  about  five  degrees  warmer  than  the  air. 

The  reason  for  this  excess  of  temperature  in  summer  is  not  as 
apparent  as  in  winter,  but  may  be  explaiaed  by  the  daily  range  of 
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tempenitme  of  tlie  air,  which  ia  warmer  during  portions  of  the  day 
than  the  water.     At  these  timea  the  temperature  of  the  water  ia 

increased  by  an  nmount  which  is  greater  than  the  loss  during  other 
portions  of  the  dny.     The  sun  also  tends  to  warm  the  water,  irro- 
spective  of  the  temperature  of  the  air. 

The  departure  from  the  normal  temperature  of  the  water  during 
the  two  years  beginning  June  1,  lt<>*7,  is  indicated  by  the  following 
table,  in  which  the  average  monthly  tempenitures  of  Bi*ookline  and 
Ludlow  reservoirs  during  these  years  are  compared  with  the  mean 
of  ten   years'   observations   at   the  same   places.     As  a  rule,    tlie 
departures    are    small,    and    they    correspond    generally    to    the 
departures  in  temperature  of  the  atr  already  given. 
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Allusion  has  already  been  made  to  differences  in  the  temperature 
of  different  layers  of  water  in  deep  ponds,  whereby  vertical  currents 
are  prevented  or  promoted.     In  view  of  the  importance  of  thiB 
circulation  or  non-circulation  upon  the  quality  of  the  water,   an 
extended  series  of  physical,  chemic.il  and  microscopical  examina- 
tions of  Jamaica  Pond,  Boston,  have  been  made.     Reference  will  lie 
made  here  only  to  tlie  temperature  and  its  effect  upon  circulation, 
the  discussion  of  other  features  being  given  subsequently. 

Jamaica  Poml  has  an  area  of  (>9  acres,  a  maximum  depth  of  57 
feet,  and  an  average  depth  of  27  feet.     Its  outline  and  contours  of 
the  bottom  are  shown  by  the  following  sketch  :  — 
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JAMAICA  FOND. 
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The  temperatures  were  taken  in  the  deepest  portion  of  the  pond 
at  six  deptlis ;  namely,  at  1,  10,  20,  30,  40  and  50  feet  below  the 
i>urface.  The  observations  were  begun  July  25,  IbSdy  and  have 
been  continued  for  more  than  a  year.  The  results  are  indicated 
upon  the  following  diagram,  on  which  is  also  shown,  by  a  dotted 
line,  the  normal  surface  temperature  of  water  in  ponds  and  reservoirs. 
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When  the  first  observations  were  made,  the  temperature  at  a 
depth  of  one  foot,  which  for  convenience  will  be  called  the  surface 
tiemperature,  was  74  degrees,  corresponding  to  that  of  other  and 
shallower  ponds,  while  the  temperature  at  the  bottom  was  42 
degrees ;  that  is,  32  degrees  colder  than  at  the  surface,  and  only 
10  degrees  al>ove  the  freezing  point.  The  temperature  10  feet 
below  the  surface  corresponded  quite  nearly  with  that  at  the 
surface,  while  at  all  other  depths  the  water  was  much  colder,  and 
consequently  more  dense.  The  temperatures  at  the  three  lower 
depths  remained  constant  during  the  warm  weather,  showing  that 
no  appreciable  amount  of  heat  was  transmitted  from  the  upper 
layers,  and  that  there  was  no  interchange  of  water  from  the  surface 
to  the  bottom.  It  is  obvious  that  the  wind  produces  currents  at 
the  surface  of  a  pond  which  must  be  accompanied  by  return  currents 
beneath  the  surface  ;  and  if  the  water  is  of  uniform  density  at  all 
de[)ths,  the  circulation  produced  in  this  way  will  extend  to  the  bottom  ; 
but  if  the  lower  layers  are  more  dense  the  return  currents  will  affect 
the  water  only  to  a  limited  depth.  In  the  present  case  the  low  and 
generally  constant  temperature  in  summer  at  a  depth  of  20  feet 
makes  it  evident  that  they  rarely  extended  to  this  depth.  It  will 
therefore  be  seen  that  the  water  at  and  below  this  depth  was  inac- 
cessible to  the  air,  and  stagnant  throughout  the  warmer  month.s. 

As  the  season  advanced  and  the  weather  grew  colder,  the  tem- 
perature of  the  surface  water  diminished,  with  a  consequent  increase 
in  density,  thereby  establishing  vertical  currents  down  to  the  depth 
where  a  corresponding  temperature  was  reached.  This  action 
would,  in  the  absence  of  any  other  cause,  have  established  circulation 
to  continually  increasing  depths,  reaching  the  bottom  by  the  end  of 
November.  The  mingling,  however,  at  each  of  the  depths,  was 
hastened  by  the  action  of  the  wind,  this  efiect  being  particularly 
noticeable  at  a  depth  of  20  feet,  where  the  mingling  occurred  two 
weeks  earlier  than  it  otherwise  would,  and  raised  the  temperature 
of  the  water  at  this  depth  9  degrees  higher  than  it  was  in  the  sum- 
mer. November  and  December  of  this  year  were  unusually  warm, 
so  that  the  whole  of  the  water  in  the  pond  was  not  in  circulation 
until  nearly  two  weeks  later  than  on  an  ordinary  year.  When 
circulation  was  fully  established  the  temperature  at  all  depths  was 
44  degrees. 

The  changes  which  occur  after  this  in  any  deep  pond  are  as 
follows.      The   cooling  of  the  surface  water  promotes  circulation 
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until  39  degrees — the  temperature  lit  which  water  acquires  ita 
inaximum  density  —  ia  reaohed,  aftei  which  further  cooling  retards 
circulation.  It  doc3  not)  however,  prevent  it.  as  the  winds  at  thia 
season  of  the  year  can  easily  overcome  the  slight  difference  ia 
density  occaaionod  liy  a  vurialion  of  a  few  degrees  in  thia  part  of 
the  scale.  The  temperature  <if  tile  water  usually  remains  nearly 
constant  at  35  degrees  during  the  winter,  regardless  of  the  char- 
acter of  the  season,  a  cold  winter  furnishing  ita  own  protection  by 
the  formation  of  ice.  In  the  spring,  after  the  ice  diaappeurs,  cir- 
culation is  again  established  by  the  increase  in  temperature,  and 
continues  from  thia  cauao  until  the  temperature  of  maximum  density 
is  reached,  when  it  would  cease,  leaving  the  bottom  water  at  39 
degrees,  if  it  were  not  fur  the  wind,  Thia  force  usually  con- 
tinues to  keep  tlie  water  in  circulation  until  a  somewhat  higher 
tcinpcnilure  ia  reached,  and  a  period  of  warm,  calm  weather  stops 
circulation  liy  warming  the  surface  wiitcr  so  that  further  inter- 
change with  tlie  bottom  layers  ia  prevented.  At  Jamaica  Pond  the 
bottom  water  was  left  with  a  temperature  of  42  degrees  in  1889, 
and  43  degrees  in  181)0  ;  and  it  remained  stagnant,  without  exposure 
to  the  air,  for  seven  months. 

It  will  be  observed,  by  reference  to  the  diagram,  that  the  tem- 
perature at  a  depth  of  20  feet  rose  6  degrees  in  the  early  part  of 
June,  ISyO,  while  before  and  after  thia  change  it  remained  constanl. 
It  is  evident  that  the  wind  at  this  time  caused  the  water  to  circulate 
to  thia  depth. 

The  observations  at  Jamaica  Pond,  where  the  average  depth  is 
unusually  large,  and  there  ia  no  shallow  flowage,  afford  another  illus- 
tration of  the  fact  that  the  surface  temperatures  in  summer  are 
affected  but  little,  if  at  all,  by  the  depth  of  a  pond,  unless  it  is  very 
shallow. 

All  of  the  observations  above  given  have  been  made  at  one  ]>ond, 
and  it  may  be  questioned  to  what  extent  they  are  generally  applicable. 
At  a  larger  pond  or  lake  it  ia  obvious  that  the  wind  would  have  a 
greater  effect,  and  that  circulation  would  take  place  to  a  greater 
depth  in  the  warmer  portion  of  the  year.  Other  things  being  equal, 
the  greater  the  depth  the  colder  the  bottom  layers  should  be.  With 
reservoirs  of  small  depth,  the  wind  will  cause  an  interchange  of 
water  from  the  surface  to  the  bottom,  thereby  producing  a  uniform 
temperature  at  all  depths.  The  depth  to  which  this  occurs  probably 
varies  from  15  to  25  feet  in  the  ponda  and  reaervoira  of  thia  StAte, 
depending  both  upon  their  size  and  the  character  of  the  senaon. 
Observations  at  Keservoir  No.  3  of  the  Boston  Water  Works,  which 
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has  a  maximum  depth  of  21  feet,  have  on  some  years  shown  a  uni- 
form temperature  at  all  depths,  while  on  other  years  the  water  at 
the  bottom  has  been  8  or  10  degrees  colder  in  the  summer  than  at 
the  Surface.  An  observation  at  the  Ludlow  Reservoir,  July  31, 
1889,  showed  a  uniform  temperature  to  a  depth  of  20  feet. 

The  following  table  shows  the  results  of  observations  of  the  tem- 
perature at  different  depths  in  six  ponds,  lakes  or  reservoirs,  made 
in  the  summer  of  1889.* 

Temperature  of  Water  at  Different  Depths, 


Upper  Mystic 

Lake, 

Medford. 

Jamaica 

INMld, 

Boktou. 

Wenham 

l.akr, 
Wenham. 

Bnston 

Water  Worlcs 

Beservoir 

No.  4. 
Ashland. 

Waban 
Lake, 

WellCHley. 

Boston 

Wat»-r  Works 

Best-rvolr 

No.  8. 

Framliigliam. 

Date, 

Aug.23,l8SQ. 

Aug.  21, 1889. 

July  24, 1889. 

Aug.  23, 1889. 

Aug.  27, 1880. 

Aug.  26, 1880. 

Area, 

204)  acres. 

00  acrea. 

320  acrea. 

170  acrea. 

146  acres. 

247  acres. 

Max.  depth, 

87  feet. 

67  feet. 

47  fe«t. 

46  feet. 

86  feet. 

21  feet. 

Average  depth, 

- 

27     " 

- 

26     " 

- 

13     " 

1  foot. 

73.4  deg. 

74.1  deg. 

74.7  deg. 

*   73.0  deg. 

73.4  deg. 

71.0  dug. 

10  feet, 

71.6    ♦• 

70.7    " 

74.4    " 

- 

70.2    •• 

- 

15    •• 

68.9    •• 

M.8    " 

74.3    " 

- 

66.6    " 

- 

20    " 

63.3    " 

62.0    " 

89.0    " 

- 

67.6    " 

68.0    *• 

23    " 

59.8    " 

47.6    " 

81.5    " 

66.0    " 

58.8    " 

- 

25    " 

56.3    " 

46.0    " 

69.0    " 

- 

51.5    •• 

- 

30    " 

49.6    " 

43.7    *• 

58.0    " 

- 

48.6    " 

- 

36    •• 

46.4    •• 

43.0    " 

63.6    " 

- 

47.8    " 

- 

40    •• 

45.5    •« 

42.8    •• 

81.4    •* 

- 

- 

- 

46    " 

44.4    •• 

42.4    " 

49.6    " 

63.0    " 

- 

- 

60    " 

42.8    " 

- 

- 

- 

- 

- 

82    •• 

42.8    ** 

1 

- 

- 

- 

- 

- 

It  will  be  observed,  by  referring  to  the  table,  that  the  temper- 
atures taken  at  1  and  10  feet  below  the  surface  of  the  different  bodies 
of  water  agree  quite  closely ;  while  at  greater  depths  there  are  large 
differences,  the  temperature  generally  increasing  with  the  area  of 
water  surface.  Reservoir  No.  4  is  to  some  extent  an  exception  to 
the  rule,  as  its  temperatures  below  the  surface  are  lower  than  at  cor- 
res[)onding  depths  in  the  Upper  Mystic  and  Wenham  lakes,  both  of 
which  are  larger. 

The  following  diagram  contains  temperature  curves  correspond- 
ing to  observations  at  three  of  the  places  mentioned  in  the  above 
table. 


♦  Tlie  fii^tired  in  bold-faced  type  are  not  actual  observations,  but  have  been  interpolated  to 
facilitate  cumparisun. 
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Diagram  shnanng  Temperatures  at  Different  Deplk,i  in  Jamaira  Pond  and  .Vystia      1 
and  Wenham  Lakes,  taken  in  July  and  Augttal,  1889.                             1 
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curves  agree  with  one  another  in  their  general  form,  altho 
e  some  marked  difl'erencea  between  tliein.     Such  diftere 
e  expecteti,  when  it  is  considered  that  their  form  and  p 
end  upf»n  tiio  circulation  or  non-circulation  of  the  wate 
li,  while  the  temperature  is  increasing  in  the  spring. 
s.  — The  temperature  of  water  in  rivers  varies  a  little  n 
he  year  than  tliat  of  ponds  and  reservoirs,  and,  owing  to 
nt  of  tiie  water,  is  uniform  from  the  surface  to  the  bottom, 
ers,  when  tlie  rivers  are  covered  with  ice,  the  water  flowin 
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contact  with  it  reaches  the  freezing  point.  In  the  spring  thi^  water 
wurmd  up  somewhat  faster  than  the  pond  water,  and  in  the  autumn 
cools  more  rapidly.  Exceptions  to  these  general  rules  occur  in  the 
case  of  a  large  river  like  the  Merrimack,  where  much  of  the  water 
conies  from  north  of  the  State,  among  the  mountains,  where  the  air 
iri  colder  and  the  snow  remains  longer  upon  the  ground  in  the  spring. 
The  following  table  gives  the  temperature  of  the  water  of  several 
rivers  in  the  State,  as  compared  with  the  standard  for  ponds  and 
rescrvoira  previously  given. 


Temperature  of  WaUr  in  Riven. 
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Temperature  of  Ground  Waters. 

The  following  table  contains  the  observed  temperatures  of  sixteen 

ground  waters  in  various  situations,  arranged  in  the  order  of  their 

tempci-ature.'j  in  summer,  the  colder  waters   being  placed   on   the 

left  and  the  warmer  ones  on  the  right. 
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The  first  thing  noticeable  in  examining  the  table  is  the  general 
uniformity  of  temperature  of  ground  waters.  In  many  instances 
the  range  of  temperature  during  the  year  is  but  three  or  four 
degrees,  while  surface  waters  have  an  average  range  of  38  degrees. 
Some  of  the  ground  waters,  given  in  the  table,  vary  much  more 
during  the  year  than  others;  but  none  of  them  more  than  one-half 
as  much  as  surface  waters.  At  Waltham  and  Taunton  the  fluctua- 
tion is  due  wholly  or  in  part  to  the  exposure  of  the  water  to  the  air 
in  o|;)en  filter-basins.  In  Framingham  the  filter-gallery  is  separated 
from  Farm  Pond  by  only  a  few  feet  of  sand,  and  the  filtration  of 
water  from  the  pond  influences  the  temperature  in  the  gallery. 
Some  of  the  other  large  fluctuations  may  be  due  to  a  similar  cause, 
although  filtmtion  does  not  necessarily  produce  them.  For  example, 
the  range  of  temperature  during  the  year  at  Woburn  is  but  3.9 
degrees,  notwithstanding  the  fact  that  the  supply  is  derived  mainly 
from  Horn  Pond  by  filtration.  In  this  case,  however,  there  are 
indications  that  much  of  the  water  requires  months  for  its  passage 
from  the  pond  to  the  filter-gallery. 

The  average  annual  temperature  of  ground  water  at  eleven  places 
where  the  observations  were  continued  for  a  large  part  or  the  whole 
of  a  year  is  51.5  degrees. 

A  few  observations  of  the  temperature  of  public  ground  water 
supplies  not  included  in  the  table  are  as  follows :  — 

Bridgewater, 

Well  No.  1,  June  19,  1888, 61.2  de^ees. 

Well  No  2,  June  19,  1888, 62.2  degrees. 

Well  No.  1,  July  24,  1888; 6.1.0  degrees. 

Well  No.  2,  July  24,  1888, 63.6  degrees. 


Bevcre, 

Well,  June  3,  1887, 61,0  degrees. 

Well,  June  28,  1888, 49.9  degrees. 

Well,  July  9,  1888, 60  5  degrees. 


Swampscott, 

Well,  March  23,  1888, 46.8  degrees. 

Well,  Apnl  24,  1888, 48.0  degrees. 

Well,  May  23,  1888, 49.5  degrees. 

Temperature  of  Water  as  delivered  to  Consumers. 

In  the  foregoing  the  temperatures  of  surface  and  ground  waters 
at  the  sources  of  supply  have  been  considered.  It  is  obvious  that 
the  ground  waters  will  have  a  great  advantage  over  the  surface 
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waters  if  both  are  delivered  to  the  consumers  at  their  initial 
tempcrat'ares,  while  thia  advantage  will  disappear  if  hy  their  storage 
in  reservoirs  and  passage  throuj;h  pipes  they  acquire  an  equal 
temperature. 

Observations  were  made  at  Boston  during  the  year  1888  to 
determine  the  comparative  temperatures  of  a  surface  water  in  a  dis- 
tributing reservoir  and  as  drawn  from  taps.  One  point  of  observa- 
tion, which  for  convenience  will  he  culled  Tap  No.  1,  was  in  the 
auburha  five  miles  from  the  Brootiline  Reservoir,  hut  not  far  from  a 
24-inch  main,  so  that  it  may  lie  said  to  represent  a  place  where 
there  was  active  circulation  of  the  water.  Tlie  other  point.  Tap 
No.  2,  was  two  miles  further  from  the  reservoir  and  near  the  end  of 
the  pipe  system  where  there  was  but  little  circulation.  The  results 
are  shown  upon  the  following  diagram. 
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The  diagram  shows  that  there  is  hut  little  difference  between  the 
temperature  recorded  at  the  roseiToir  and  at  Tap  No.  1,  the  wat«r 
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at  the  latter  being  about  two  degrees  colder  in  the  spring  and 
summer  and  tlie  same  amount  warmer  in  the  autumn.  The  water  at 
Tap  No.  2  is  obviously  much  more  affected  by  the  temperature  of 
the  ground  through  which  the  pipes  pass,  and  in  the  summer  is 
about  eight  degrees  colder  than  the  reservoir  water. 

The  conclusion  to  be  drawn  from  these  observations  is  that  the 
temperature  of  water  at  a  tap  will  be  influenced  mainly  by  that  at 
the  source,  except  in  those  portions  of  the  system  where  the  circula- 
tion is  not  active. 

No  observations  have  been  made  to  determine  with  what  change 
of  temperature  ground  water  will  pass  from  the  source  to  the  con- 
sumers if  carried  directly  to  them  in  pipes.  It  is  probable,  how- 
ever, that  it  would  not  change  very  much. 

A  few  observations  have  l>een  made  to  indicate  the  effect  of  the 
storage  of  such  water  in  iron  tanks.  At  North  Attleborough,  on 
June  12,  1888,  water  drawn  from  the  tank  20  hours  after  pumping 
had  ceased  was  2  degrees  warmer  than  the  water  in  the  well.  At 
Swampscott  water  drawn  from  the  tank  was  3.8  degrees  colder  than 
that  in  the  well  on  March  23,  1888 ;  2  4  degrees  colder  April  24, 
and  2  G  degrees  warmer  May  23.  These  observations  do  not  indi- 
cate any  very  great  change  of  temperature  from  storage  in  tanks. 

When  ground  water  is  stored  in  an  open  distributing  reservoir  the 
surface  becomes  warmed  in  summer,  as  shown  by  the  following 
observations :  — 

Bevere, 

Well,  July  0, 1888, 60.6  degrees. 

Reservoir,  July  9,  1888, 70.2  degrees. 

Wobum, 

Filter-gallery,  June  5,  1888, 60.0  degrees. 

Reservoir,  June  5,  1888, 66.0  degrees 

It  should  not  be  inferred  that  the  water  delivered  to  the  consumer 
will  be  as  warm  as  that  at  the  surface  of  the  reservoir ;  since  much 
of  the  water  in  cases  of  this  kind  is  pumped  directly  to  the  consumer, 
and  that  portion  which  enters  the  reservoir  at  the  bottom  may  on  ac- 
count of  its  greater  density  remain  there  until  drawn  without  acquir- 
ing the  surface  temperature. 

The  foregoing  observations,  though  not  conclusive,  indicate  that 
the  temperature  of  water  as  delivered  to  consumers  depends  mainly 
upon  that  at  the  source.  If  this  is  the  case,  ground  waters  have  the 
advantage  that,  as  drawn  from  the  tap,  they  are  much  more  palatable 
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in  tlie  summer,  and  less  likely  to  freeze  in  the  pipes  in  winter. 
They  also  have  some  advantage  where  a  city  or  town  has  to  dispose 
of  its  sewage  by  filtration  through  land,  in  that  the  sewage  is  warmer 
in  winter.  The  relation  of  the  temperature  of  a  surface  water  supply 
to  that  of  sewage  is  given  in  the  following  diagram,  in  which  the 
temperature  of  the  water  of  the  Brookline  Reservoir  of  the  Boston 
Water  Works  is  compared  with  that  of  sewage  entering  the  reservoir 
of  the  Boston  Main  Drainage  Works.  The  diagram  is  based  upon 
five  years'  observations. 

Diagram  showing  Comparative  Temperatures  of  Water  and  Sewage. 


The  diagram  shows  clearly  that  the  temperature  of.  sewage  is 
governed  to  a  considerable  extent  by  the  temperature  of  the  water 
supply.  The  sewage  is,  however,  about  eight  degrees  warmer  in 
winter  and  three  degrees  colder  in  summer  than  this  water. 
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DIUNKING  WATERS  OF  THE  STATE. 


From  tlio  stand-point  of  the  public  health,  the  natural  classification 
of  waters  is  into  those  which  have  at  no  time  Ixjen  contaminated  by 
tlie  waste  products  of  human  life,  and  those  which  have  been  tlms 
contaminated.  Waters  of  the  first  class  we  have  called  normal ;  in 
the  hitter  class,  we  attempt*  to  express  the  amount  of  polluting 
matter  of  the  nature  of  sewage  which  the  water  has  received,  by 
ffivin<j:  its  variation  from  the  normal  chlorine  contents  of  the  rcirion. 

The  subject  has  already  been  discussed  in  the  chapter  on  the 
interi)retati()n  of  analyses.  It  was  there  shown  that  we  have  in  the 
chlorine  contents  of  the  water  the  evidence  that  we  need  to  deter- 
mine whether  or  not  a  body  of  water  has  received  house  drainage, 
either  directly,  as  when  the  sewage  of  a  town  flows  into  a  stream, 
or  indirectly,  as  when  the  drainage  from  houses  or  cess-pools  reaches 
the  water  courses  after  filtration  through  the  ground. 

In  the  accompanying  map  of  nonnal  chlorine  of  Massachusetts, 
the  points  of  like  normal  chlorine  have  been  connected  by  lines 
which  wc  will  call  isochlors.  It  will  be  noticed  that  these  isochlors, 
which  rei)resent  a  difference  of  0.05  part  of  chlorine  in  100,000  of 
water,  are,  in  the  eastern  part  of  the  State,  close  together,  approxi- 
mately parallel,  and  conform  in  a  general  way  to  the  coast  line.  As 
we  recede  from  the  coast  westward,  the  isochlors  are  wider  apart 
and  their  j)arallelism  is  less  marked. 

In  the  followinix  tabulations  of  the  waters  of  the  State  accordin<; 
to  their  chlorine  contents,  this  map  has  been  used  as  the  basis  ;  that 
is  to  sav,  when  the  averasje  chlorine  contents  of  a  water  airree  with 
the  isoclilors  on  the  map,  the  w^ater  is  considered  normal ;  when  the 
amount  of  chlorine  is  in  excess  of  the  normal,  the  amount  of  this 
excess  expresses  the  extent  to  which  the  water  is  believed  to  have 
been  i)olluted.  This  use  of  the  map  of  normal  chlorine  we  find 
justified  in  most  of  the  cases  where  we  have  an  accurate  knowledge 
of  the  drainage  area ;  in  other  words,  we  find  t!ie  excess  of  chlorine 
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in  llic  water  to  be  in  proportion  to  the  popuhition  on  the  (Iniina^ 
urea. 

There  are  no  dwta  in  tliis  country  sufficiently  complete  from  which 
we  can  determine  the  amount  of  chlorine  contributed  to  sewage  by 
each  inhabitant  per  day.  Calculations  based  on  the  volume  of  scw- 
aga  per  inhabitant  in  London,  and  determinationa  of  tlie  amount  of 
chlorine  in  the  sewage  and  in  the  water  supply,  indicate  that  the 
amount  of  chlorine  per  person  per  day  is  0.045  pound.  Tbs 
average  daily  flow  of  the  Sudbury  River  per  square  mile  of  di'aini 
area  for  the  past  eleven  years  is  8,500,000  jKiunds  of  water  per  day. 
Assuming  the  data  derived  fnirii  London  sewage  to  be  generally 
applicable,  we  find  that  it  I'oquires  nineteen  persona  per  squsN 
mile  to  increase  the  chlorine  iu  the  water  flowing  from  a  drainagtt 
area  of  the  size  of  the  Sudbury  River  .01  of  a  part  per  100,000- 
Another  way  of  arriving  at  the  population  required  to  produce  tfaifl 
result,  is  to  divide  the  population  per  square  mile  of  watershed! 
in  Maasachusetta  by  the  corresponding  excess  of  chlorine  in  the 
water.  In  this  way  we  find,  from  an  average  of  observations  < 
fifteen  streams  and  reservoirs,  that  it  requires  twenty-one  persons 
per  square  mile  to  increase  the  chlorine  .01.  Observations  of  nina 
other  sti-earas,  where  a  portion  of  the  chlorine  is  probably  due  to 
manufacturing  wastes,  give  but  thirteen  inhabitants  i>er  .01  increase 
of  chlorine.  There  are  a  few  streams  where  the  amount 
chlorine  furnished  by  manufacturing  is  still  greater,  so  that  each  .01 
of  chlorine  corresponds  to  a  still  smaller  population,  the  minimum 
number  found  being  2.8  persons  per  square  mile. 

All  the  foregoing  results  are  based  upon  averages  for  a  year  or  more. 
In  the  summer,  when  the  flow  is  small,  the  population  corresponding 
to  .01  excess  of  chlorine  is  much  smaller,  the  average  of  several 
observations  upon  streams  being  scveu  persons  [wr  square  mile. 

The  average  results  obtained  from  analyses  of  ]>unda  should  be 
somewhat  larger  than  those  of  streams ;  but  the  individual  results 
vary  so  much  that  it  is  unnecessary  to  consider  a  refinement  of  this 
kind.  We  may  say,  in  a  gcnend  way,  that  four  families  or  20  per- 
sons per  square  mile  will  add,  on  an  average,  .01  of  a  part  per 
100,000  of  chlorine  to  the  water  flowing  from  this  area,  and  that  R 
much  smaller  population  will  have  the  same  eflect  during  seasons  of 
low  flow. 

While  we  feel  confident  iu  the  general  correctness  of  the  applica- 
tlon  of  the  map  for  the  detemiination  of  the  degree  to  which  tba 
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waters  have  been  pollutod,  it  is  important  that  the  limitations  of  its 
use  be  clearly  understood.     Some  of  these  limitations  are  :  — 

1.  Those  waters  have  been  called  normal,  and  have  been  used 
in  establishing  the  isochlors,  which  drain  areas  believed  to  bo 
nearly  or  quite  free  from  population.  Until  a  careful  survey  of 
the  State  be  made,  with  the  express  object  in  view  of  determining 
the  reUition  of  population  to  the  surface  and  ground  waters,  we  can- 
not be  sure  in  all  cases  that  we  actually  have  normal  water.  The 
normals  as  now  given  represent  the  present  state  of  our  knowledge 
of  this  relation. 

2.  Since  the  source  of  the  chlorine  in  the  normal  waters  of  the 
State  is  mainly  the  salt  of  the  sea  water,  it  is  obvious  that  the  direc- 
tion and  force  of  the  wind  and  the  amount  and  distribution  of  the 
minfall  are  the  important  factors  governing  the  amount  of  chlorine 
in  these  waters.  The  chlorine  contents  of  the  waters  through  which 
the  isochlors  are  drawn  represent,  in  most  cases,  the  average  of 
monthly  determinations  from  June,  1887,  to  May,  1889.  It  may  be 
that  another  period  of  like  duration,  with  different  meteorological 
conditions,  would  give  isochlors  which  would  vary  in  position  some- 
what from  those  on  the  map. 

3.  It  has  been  already  clearly  pointed  out  (page  543)  that  the 
single  determinations  of  the  chlorine  from  which  the  normal  averages 
are  made  vary  greatly,  often  50  or  100  per  cent.,  and  in  some  cases 
even  more.  It  is  clear,  therefore,  that  a  single  determination  of 
chlorine  may  be  misleading,  when  compared  with  the  average  normal 
chlorine. 

4.  In  the  eastern  part  of  the  State,  where  the  isochlors  are  near 
together,  it  is  evident  that  slight  variations  from  the  normal  have 
less  significance  than  in  the  western  part  of  the  State,  where  the 
same  normal  covers  a  larger  area. 

5.  In  any  case  too  much  importance  must  not  be  attached  to  slight 
variations  from  the  normal,  as  shown  on  the  map,  say  to  the  extent 
of  0.05  part  in  100,000.  The  necessities  involved  in  drawing  the 
isochlors  with  our  present  knowledge  will  often  cause  a  variation, 
plus  or  minus,  of  this  amount,  in  waters  believed  to  be  normal.  This 
is  particularly  the  case  near  the  sea,  where  a  general  parallelism 
with  the  coast  has  been  observed  in  drawing  the  isochlors.  These 
irregularities  will,  it  is  believed,  largely  disappear  when  further  sur- 
veys and  analyses  give  us  more  complete  knowledge  of  the  waters 
of  the  State.     Our  examinations  have  hitherto  been  mainly  confined 
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to  public  water  supplies,  and  the  waters  of  some  of  the  larger  rivers. 
To  make  the  map  of  normal  chlorine  complete  and  accurate,  the 
smaller  streams  in  uninhabited  regions  should  be  examined  regularly 
for  some  years. 

In  a  few  cases  which  will  call  for  detailed  mention  hereafter,  we 
have  a  considerable  excess  of  chlorine  above  the  normal,  which  wo 
are  unable  to  account  for  by  the  population  on  the  drainage  area. 
These  cases  are  to  be  made  the  subject  of  future  examination.  It 
may  bo  discovered  that  certain  waters  contain  chlorine  of  other 
origin  than  sewage,  or  from  the  sea ;  as,  for  instance,  from  salt  con- 
tained in  certain  geological  formations,  or  from  factories  in  which 
salt  or  other  chlorides  are  largely  used. 

6.  It  must  be  kept  in  mind  that  the  excess  of  chlorine  in  a  water 
above  the  normal  does  not  necessarily  imply  ^re^se/i^  pollution.  The 
or":anic  matter  and  ammonia  which  sewa^jo  has  brousjht  into  a  water 
may  have  long  since  disappeared  by  oxidation  or  absorption  by 
plants,  but  the  salt,  which  is  not  subject  to  change,  remains.  It  is 
thus  possible  to  have  a  pure  water,  organically  speaking,  which 
shows  by  its  chlorine  contents  that  it  was  once  badly  polluted  by 
sewage.  This  is  particularly  time  of  ground  waters,  since  the 
oxidizing  power  of  porous  earth  on  organic  matter  is  very  great. 

In  this  chissiiication  of  the  drinking  waters  of  the  State  on  the  basis 
of  their  chlorine  contents,  the  surface  waters  and  ground  waters  are 
grouj)ed  separately,  owing  to  their  essential  and  radical  diflerence  in 
character  and  composition.  In  all  cases  the  analyses  represent  the 
waters  at  their  sources,  and  not  as  they  are  supplied  to  the  consumer. 

Surface  Waters. 

• 

Upon  tabulating  the  ninety  surface  waters  of  the  State  that  are 
used  for  pii])Iic  drinking  supplies,  we  find  that  twenty-six  of  them 
have  no  excess  of  chlorine  above  the  normal,  which  indicates  that 
they  are  unpolluted  by  sewage.  We  find  twenty-five  other  sources 
having  so  small  an  excess  of  chlorine,  it  being  within  the  limits  of 
error  of  our  standard,  that  wo  cannot  say  that  they  are  in  the  least 
polluted  by  household  wastes.  Some  of  these  are  in  districts  known 
to  be  free  from  such  pollution.  AVe  have,  then,  the  satisfaction  of 
knowinir  that  as  many  as  one-third  and  probably  more  than  one- 
half  of  the  public  drinking  supplies  of  the  State,  obtained  from 
surface  waters,  are  unpolluted  by  sewage. 

Most  of  the  remainder  —  thirty-three  in  number  —  have  excess  of 
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chlorine  from  0.04  to  0.25  parts  per  100,000,  which  indicates  that 
tlicy  contain  from  one  to  five  per  cent,  of  water  containing  as  much 
salt  as  ordinary  sewage. 

There  are  seven  sources  which  show  a  greater  excess  of  chlorine. 

These  four  groups  are  arranged  in  the  following  tahles  :  — 

Table  No.  1. 
Sur/nce  waters,  in  which  the  chlorine  is  normal,  arranged  in  the  order  of 
albuminoid  a 
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Table  Ko.  2. 

Surface  walcrs,  in  which  the  excess  of  cklori/te  is  from  .01  to  .03  parts  per  100,- 

000,  inclusice,  arranged  in  the  order  of  albuminoid  ammonias. 

(P.rl.  par  100,000.) 
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Tablk  No.  3. 

Surface  totUers,  in  which  the  (tMM  ofcJUorine  if  from  0  04  parts  per  100,000  to 

0.25  parts,  (irrangfii  in  order  of  excess  of  chlorine. 

irafui  PIT  100,000.) 


1 

Uu 

A™. 

Amuju. 

x„. 

r" 

1 

.om 

.0183 
.D33t 
,0380 

'!!!^ 

.0113 
.0291 

0M5 

:: 

.Oslo 

1 

nvr 

"~- 

i 

r 

1 

1 

i 

A 

1  1 

BBverlilll, 

Konrood, 

'WHIboruuth, 

ninehnm.. 

Alilnmon, 

Chlcop.*  Fiilla 

BprlngtloM, 

I*«dl,     . 
eberLom,. 
Uul.l|.u,     . 
lj.ivn.n.v, 

IVcyniHUIli, 
Lowdl.     . 
Baleni,       . 
HivFrhlll, 
CambridKO, 

ntnghjini, 
Tnuiilon,  . 
Boilon.     . 
Q>r.!ner,  . 
Qulury.     . 
Ki.lhampton, 
Bprtniiac^lil, 
Wliirh,..l.r, 
WaLi'li.kl, 
BOM.M..       . 

Bo-i.....     . 

Bo-ion,     . 
Bo-loo,     . 

Kenouk  Laka,     . 

Accord  Pond,      . 
Rig  Bindir  rend, 
ChlcopoD  River,  . 
\ao  Rom  HeHrvoIr, 
111  ogle  Brook  ItuHn 
1  McriliDBck  River, 
WiBilukum  Pond, 
PpolFond,  .        . 
ni"lrlliullu(  Krtervo 

(lrr«rond.        . 

n-cBhi.ni  Ijike,  . 
1  Uke  IVnluckcl, 

'«™(I>OBd,              . 

'  Fulling  Ulll  Fond, 
'  Taunlon  Rlv«.  . 

CryKlnl  Ijike,      . 

flotage  rte»rrvolr, 

Cry-Ul  Lute.      . 

l.;.kc  Cochllu.!.. 
T«p  In  City, 
I.Bke  WmUmi.  . 

Ir, 
Ir. 

0.03 
O.li 

o.u 

o.» 

0.S3 

o.n 

O.DI 

l.U 

OCT 

o.r. 
o.» 

0.3B 

'.: 

a. 25 

».36 
J.t0 

■- 

4.30 

::'J 

3.4! 

:;: 

z 

i.2i 

o.w 
i.it 

0.81 

l.DO 

i.ia 

.;: 

;: 

O.TB 

1.27 
1.30 
2.19 
IN 

0B2 
10«' 

;:■ 

■ 

1.47  ■ 

00(1 

Dosg 

OOM 

0010 
0000 

0010 

z 

001» 

ooos 
omT 

.OJM 
.0111 

.0221 
.0130 

.OITO 

.oi;i 

.«85 

.OMT 
.010* 

-  i 

.... 
:«; 

,  1 

boss! 

...^ 

eoc- 

.0031^ 

:E 

DHI 

0O13 
D003 

™ 

E 

OOM 

01  t: 
oos. 

0090 
OOM 

0140 

ooro 
irxiu 

0"1 
OOM 

OOOl 
0OO3 
0001 

I 

0002 

z 

0001 

0003 

oooo 

0001 

0002 

0001 
0001 

0002 
000] 
0003 

000:1 
000'.; 

OOM 

.0* 

.00 

.01 

.08 
.00 

.00 

.10 
.u 

.13 

.13 

.10 
.10 
10 

.20 

IS 

.10 

686  WATER  SUPPLY  AND  SEWERAGE. 

Table  No.  4. 
Surface  waters,  in  which  the  excess  of  chlorine  is  0.30  parts  or  mere, 

the  order  of  excess  of  chlorine. 
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From  the  analyses  ofthetwenty-six  waters  an'anged  in  Table  No.  1, 
we  learn  that  waters  shown  by  their  chlorine,  as  well  as  known  iu 
general  by  their  surroundings,  to  be  entirely  unpolluted  by  sewage, 
may  have  nitrogen  in  its  several  forms  in  limited  but  quite  varying 
amounts;  in  anmo  forms  exceeding  the  amounts  which  have  been 
regarded  b^'  chemists  as  indicating  dangerous  pollution  by  sewage. 
Thi.s  is  most  marked  with  tlie  albuminoid  ammonias,  of  which  many 
exceed  0.0200  parts  in  100,000,  and  one  reaches  0.0409  pai-ts ;  while 
the  average,  0.015IJ  parts,  exceeds  a  commonly  accepted  standard, 
above  which  water  has  been  regarded  as  dangerous  to  health. 

Seeking  the  source  of  these  high  albuminoid  ammonias,  we  lind 
that,  when  accompanied  with  high  color,  the  waters  have  generally 
flowed  through  swampy  districts,  or  have  been  in  reservoirs  having 
vegetable  matter  on  the  bottom.  Others  having  less  color  have 
had  abundant  growtlis  of  algtc  and  other  forms  of  life,  which  in  turn 
depend  upon  nitrogen  obtained  from  the  rain  and  from  organic 
matter,  and  nitrates  brought  into  the  ponds  by  surface  or  subterra- 
nean streams,  or  from  organic  matter  in  the  mud  at  the  hottom. 

While  these  large  albuminoid  ammonias  indicate  organic  matter 
whose  origin  is  independent  of  sewage,  and  consequently  is  not  likely 
to  contain  the  germs  of  disease,  which  are  regarded  as  the  most 
dangerous  element  of  sewage  ;  and  while  the  albuminoid  ammonias 
are,  as  in  all  of  these  waters,  accompanied  by  low  free  ammonias,  the 
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organic  matter  which  they  indicate  may  bo  regarded  as  in  a  state  not 
readily  susceptible  to  decay,  and  therefore  not  dangerous  to  health  ; 
we  have  yet  to  recognize  the  fact  that  many  of  these  waters, 
unpolluted  by  sewage,  have  at  times  had  bad  odors  and  disagree- 
able tastes,  which  have  rendered  them  unsuitiible  for  drinking. 
These  times  have  generally  been  in  the  warm  weather,  during  or 
after  an  abundant  growth  of  algte  or  other  organisms ;  and  these 
objectionable  tastes  and  odors  have,  in  the  waters  of  this  and 
the  next  following  series,  been  limited  to  those  whose  albuminoid 
ammonias  have  been  above  or  a  very  little  below  the  average  of 
these  series. 

AVe  m:iy  then  conclude  that  surface  waters,  shown  by  their 
chlorines  and  by  their  drainage  areas  to  be  unpolluted  by  sewage, 
which  have  albuminoid  ammonias  less  than  the  average  of  these 
series,  or  less  than  0.0100  parts  per  100,000,  are  much  preferable  to 
those  having  higher  albuminoid  ammonias ;  as  the  latter  are  more 
likelv  to  have  at  times  disagreeable  tastes  and  odors. 

The  free  ammonias  of  this  series  include  one  having  0.0069  pails, 
which  is  far  higher  than  all  of  the  others ;  the  next  lower  being 
0.002r),  and  the  average  of  all  being  0.0011  parts;  three-quarters 
of  the  whole  number  being  below  the  average.  The  highest  free 
ammonia  was  that  of  a  reservoir  which  was  an  overflowed  meadow, 
which  had  been  in  use  less  than  two  years,  when  observations  were 
commenced.  Its  water,  during  the  greater  part  of  the  year,  had  very 
low  free  ammonia,  sometimes  0  0000 ;  but  in  the  latter  part  of  the 
summer,  after  there  had  been  a  considerable  growth  of  alga3,  the  free 
ammonia  increased  greatly.  Other  instances  of  this  kind  will  be  dis- 
cussed in  a  subsequent  section. 

The  nitrates,  in  this  series  of  unpolluted  waters,  reached  in  one 
case  O.OlDf)  parts;  but  were  generally  much  lower,  and  averaged 
0.0060  parts ;  and  the  nitrites  reach  as  high  as  0.0002  parts,  but 
are  generally  0.0001  or  less.  The  color,  increasing  in  general  with 
the  albuminoid  ammonia,  although  not  following  it  closely,  averages 
0.27  on  our  scale  of  colors,  and  varies  from  0.00  to  1.36.  The 
total  residue  on  evaporation  reaches  as  high  as  7  38  in  the  limestone 
district  in  the  western  part  of  the  State,  but  is  generally  nearer  the 
average,  which  is  4.03  parts,  per  100,000.  The  loss  on  ignition 
averages  1.04  parts,  and  varies  from  0.35  parts  to  2.08  parts. 

Turning  to  Table  No.  2,  in  which  are  27  water  supplies  having  so 
little  excess  of  chlorine  above  the  normal  that  we  are  in   doubt 
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whether  they  lire  in  the  least  polluted  by  aewage,  —  the 
being  greater  in  any  case  than  0.03  part,  winch  U  genemlly 
thiin  the  probable  error  of  the  normal  chlorioe,  and  if  correct  sho^ri 
a  pollntion  by  sewago  of  only  a  fraction  of  one  per  cent,  —  we  fini 
variations  similar,  in  kind  and  in  amount,  to  those  of  the  first  series 
and  the  averages  of  each  series  are  almost  identical  in  every 
They  are  as  follows  :  — 


— 

CJor. 

eIS^L 

.V:.".::. 

'-, 

— nT;^ 

„  „ 

1^ 

*"""■"''■■ 

N-IUnl". 

Nllr»«. 

t" 

mgo 
tint 

tTM>:Sa.a, 

o.as 

4.03 
3.W 

l.W 

O.WU 

o.oin 

0.00«0 
O.OOM 

O.OOOl 

o.vsmM 

This  second  series,  which,  as  has  been  said,  contains  wateq 
having  so  little  excess  of  chlorine  that  we  are  in  doubt  whethel 
they  are  in  the  least  polluted  by  sewage,  conlirms  by  its  identitjr 
the  reasonableness  of  regarding  the  average  of  the  first  series  t 
expressing,  in  a  general  way,  the  relative  amounts  of  the  dtirerenl 
forma  of  nitrogen  that  may  be  found  in  the  unpolluted  surface  wateni 
of  the  State;  bearing  in  mind  that  there  may  be  extreme  cases  i 
which  the  amounts  of  nitrogen,  in  the  different  forms,  may  be  froi 
two  to  three  times  the  amount  given  in  the  average.  These  two 
series,  containing  53  sources,  include  more  than  half  of  the  surface 
water  supplies  of  the  State. 

While  the  variations  from  the  above  averages  of  nitrogen  extend  ttt 
two  or  three  times  these  amounts,  it  will  be  seen  that,  with  the  excep- 
tion of  the  albuminoid  ammonia,  the  amounts  are  so  small  that,  in 
the  highest,  the  free  ammonias,  the  nitrates  and  the  nitrites  are  low, 

With  the  actual  condition  of  the  water  supplies  unpolluted  by 
sewage,  before  us,  we  will  turn  to  those  in  which  an  excess  t 
chlorine  shows  that  the  waters  have  been  in  contact  with  househol^^ 
wastes,  But  first  let  us  inquire  what  we  have  reason  to  expeol 
to  find.  Let  us  consider  the  change  that  w^ould  be  made  in  the 
chemical  constituents  of  our  stream  of  unpolluted  water,  if  scwagi 
like  that  descrilicdon  page  538  should  enter  it,  in  sufficient  quantity 
to  form  five  per  cent,  of  its  volume.  The  sewage  may  enter  directly, 
or  it  may  enter  after  percolating  through  the  ground  and  becominj 
more  or  less  purified. 

The  constituents  of  the  sewage  were  as  follows;  — 

Frc  Amniofili.         Albuminoid  Ammnnia.  Ctilnrlne.  K1Ir>lr>.  MIrlM. 

1.62U3        0.5302        £.35     0.0000     0.0000 
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From  experiments  upon  intermittent  filtration  of  this  sewage, 
continued  day  after  day  for  a  year,  through  five  feet  of  sand,  we 
have  found  that  the  chlorine  was  not  decreased,  but  that  the  forms 
of  nitrogen  were  so  changed  as  to  give  the  following  average  results. 

When  slowly  percolating  through  fine  sand,  under  favorable  con- 
ditions :  — 

Free  Ammonia.         Albamlnold  Ammonia.  Chlorine.  Nltratei.  Nitrites. 

U.0014  0.0080  5.25  1.0404  0.0002 

When  more  rapidly  percolating  through  coarse  sand :  — 

Free  Ammonia.         Albuminoid  Ammonia.  Ciilorine.  Nitraten.  Nitrites. 

0.0514  0.02G5  6.25  1.5010  0.0013 

If  five  per  cent,  of  these  constituents  should  be  added  to  the 
stream,  we  should  have  the  following  additions  to  the  constituents 
of  the  stream. 

When  sewage  ran  directly  into  the  stream :  — 

Free  Ammonia.       Albuminoid  Ammonia.       Chlorine.  Nitrates.  Nitrites.       Total  Nitrogen. 

0.0910  0.02(55  0.2G  0.0000       0.0000         0.1181 

When  very  completely  purified  by  intermittent  filtration  through 
the  ground ;  — 

Frc^  Ammonia.       Albuminoid  Ammonia.       Chlorine.  Nltratog.  Nitrites.       Total  Nitrogen. 

0.0001  0.0004  0.26  0.0520        0.0000         0.0527 

When  less  completely  purified  by  intermittent  filtration  through 
the  ground  :  — 

Free  Ammonia.       Albuminoid  Ammonia.       Chlorine.  Nitrates.  Nitrites.       Total  Nitrogen. 

0.0027  0.0013  0.26  0.0750       0.0001         0.0794 

If  we  should  add  these  constituents  to  the  unpolluted  stream, 
containing  the  following  :  — 

Excens  of 
Free  Ammonia.       Albuminoid  Ammonia.       Cliiorlne.  Nitrates.  Nitrites.       Total  Nitrogen. 

0.0011  0.0156  0.00         0.0060       0.0001         0.032G 

we  should,  in  the  first  case,  of  direct  discharge  of  sewage,  find  the 
chlorine  increased  by  the  full  amount  of  0.26  parts.  The  nitrates 
and  nitrites  would  not  be  changed ;  but  the  albuminoid  ammonia 
would  l)e  nearly  trebled,  the  free  ammonia  would  be  enormously 
increased,  and  the  total  nitrogen  would  be  more  than  trebled.  The 
characteristics  of  the  result  would  be  the  definite  increase  in  chlorine, 
a  very  marked  increase  in  total  nitrogen,  and  an  enormous  increase 
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ill  ficc  ammonia.      The  increase   in  Bibuminnid  ainmoQia,  tbough 
great,  might  not  he  suflScient  to  be  chnracteristic. 

Such  a  result  should  not  be  expected  in  the  public  drinking  water 
sapplies  in  this  State,  where,  under  the  statute,  no  sewage  from 
water-closets  or  from  privies  can  be  turned  into  any  stream  — except 
into  two  or  three  large  rivers  —  within  twenty  miles  above  whera 
its  water  is  used  for  drinking ;  but,  if  such  a  result  is  found,  se 
should  be  made  for  sewage  thus  entering,  and  the  statute  enforced. 

When  the  sew:ige  of  the  drainage  area  is  put  into  the  ground  at 
each  house,  it  enters  intermittentlj',  and  has  commonly  a  long  di»- 
tance  to  percolate  before  reaching  the  stream.  In  such  case  we 
might  reasonably  look  for  a  result  approximating  to  that  of  the  i 
ond  case  of  very  complete  puritication  of  the  sewage  before  it  entei-ed 
the  stream.  In  this  case,  we  should  have  the  definite  increase  of 
0.26  in  the  chlorine,  and  a  very  marked  increase  in  the  nitrates  ;  an 
increase  that  would,  under  different  circumstances,  vary,  but  might 
reach  to  ono-quarter  or  one-fifth  of  the  increase  of  the  chlorine. 
The  definite  and  marked  increase  in  the  chlorine,  in  the  nitrates  and 
in  the  total  nitrogen,  would  be  characteristic  of  this  condition,  the 
change  in  the  free  and  albuminoid  ammonia  being  so  slight  as  to  b« 
insignificant. 

In  the  third  case,  of  less  complete  purification  while  passing 
through  the  ground,  which  undoubtedly  is  the  more  common  condi- 
tion on  the  drainage  area  of  our  water  supplies,  we  should  have  the 
same  definite  increase  of  the  chlorine,  and  the  very  marked  increase 
of  the  nitrates  and  of  the  total  nitrogen,  as  in  the  second  case.  The 
mcrease  in  the  albuminoid  ammonia,  being  so  small  a  percentage  i 
that  of  the  unpolluted  stream,  would  not  be  characteristic;  but  the 
increase  in  the  free  ammonia,  though  not  large  in  itself,  is  suffi- 
ciently largo,  when  compared  with  what  we  may  expect  in  th^ 
unpolluted  stream,  to  indicate  its  source.  The  increase  in  the: 
nitrites,  though  small,  is  significant. 

Reviewing  the  several  conditions,  we  find  that,  in  all,  the  excess 
of  the  chlorine  above  the  normal  fur  the  region  indicates  that  nearly 
a  definite  percentage  of  the  water  of  the  stream  has  been,  at  some 
time,  associated  with  household  wastes.  It  may  be,  however,  that 
that  water  has,  before  entering  the  stream,  l>een  so  purified  hy  filter-' 
ing  through  the  ground  that  little  or  none  of  its  objectionable  organio 
matter  remains.  If  it  has  not  been  so  purified,  but  enters  the  stream 
directly  as  sewage,  we  expect  to  find  a  largo  increase  in  the  total 
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nitrogen,  made  up  of  a  very  large  increase  in  the  free  ammonia,  and 
a  much  smaller  and  less  characteristic  increase  in  albuminoid  ammo- 
nia, with  no  change  in  the  nitrates  and  nitrites. 

If,  on  the  other  hand,  it  has  been  purified,  by  having  the  organic 
matter  burned  up  while  it  was  passing  through  the  ground,  we 
should  expect  to  find  less  increase  in  the  total  nitrogen,  made  up  of 
a  very  marked  increase  in  the  nitrates,  with  no  appreciable  increase 
in  the  albuminoid  ammonia ;  but  with  an  increase  in  the  free  ammo- 
nia, more  or  less  marked,  as  purification  by  filtration  was  less  or 
more  complete. 

There  is  another  class  of  conditions  which  modifies  these  results, 
to  a  noticeable  extent  in  streams,  and  often  to  a  very  marked  extent 
in  ponds  and  reservoirs :  it  is  the  vegetable  and  animal  growth  in 
the  pond.  Plants  appropriate  the  ammonia  and  the  nitrates,  and 
may  reduce  the  amount  of  nitrogen  in  a  water,  that  shows  by 
its  chlorine  to  have  been  associated  with  household  wastes,  so  that 
it  becomes  less  than  that  ordinarily  found  in  unpolluted  ponds. 
When  the  organic  matter,  which  was  originally  sewage,  has  been 
thus  transfoiTued,  it  is  of  course  harmless,  and  the  excess  of  chlorine 
indicates  only  what  has  been. 

Plants  growing  upon  the  bank  may  remove  the  nitrogen  per- 
manently from  the  water,  but  plants  growing  upon  the  bed  and 
floating  plants  retain  the  nitrogen  for  a  time,  and  when  they  decay 
return  it  to  the  water  as  free  ammonia. 

Microscopic  organisms  in  suspension  may  also  reduce  for  a  time 
the  ammonia  and  the  nitrates,  and,  being  included  in  the  sample 
analyzed,  increase,  by  their  substance,  the  albuminoid  ammonia. 

These  modifications  of  the  general  results,  attributable  to  the 
introduction  of  sewage  into  a  water  supply,  vary  with  the  season  of 
the  growth  and  decay  of  organisms  ;  a  study  of  which  may  be  found 
in  a  previous  chapter. 

Turning  to  the  remaining  analyses  of  surface  water  supplies,  we 
find  thirty-three  sources  in  which  the  excess  of  chlorine  varies  from 
0.04  to  0.25  parts  per  100,000;  which  indicates  that  from  one  to 
five  per  cent,  of  their  volumes  was  made  up  of  water  from  sewage 
havin<j  the  strenirth  of  chlorine  we  have  been  considerinor.  These 
are  contained  in  Table  No.  3.  The  average  of  these  analyses  is  as 
follows  :  — 

Total        Loss  on  Ammonia.  Excess  of  Nitrogen  u  Total 

Color.        K<'sl(lne.     iKiiition.         Free.        .Vlbumlnoiil.    Chlorine.     Nitrate*.         Nitrites.  J»itn)Ken. 

0.36   4.22   1.17   0.0021   0.0201   0.10   0.0101   0.0002   0.0449 
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Comparing  this  with  the  average  of  unpolluted  waters  given  in  Tahio 
No.  1,  which  was  :  — 

ToUl       Loii  on  AmoiDuii.  Excui  of  Kllnfcn  )•  Total 

0.27       4.03       l.Oi      0.001!      0.0156       0.0      O.OOGO      0.0001      0.0326 
The  increase  is  :  — 


0.09      0.19      0.13 

There  is  an  increase  in  each  form  of  nitrogen,  that  of  the  free 
ammonia  and  nitrites  being  the  amount  that  might  l>e  expected  if 
the  sewage  were  reasonably  well  puritied  by  filtering  through  the 
ground.  The  increase  in  nitrates  is  less  and  in  albuminoid  ammo- 
nia more  than  such  filtration  would  produce,  due  probably  to  the 
subsequent  action  of  microscopic  plants  which  appropriated  the-' 
nilriitcs  and  increased  by  their  substance  the  albuminoid  ammonia. 

There  is  no  indication,  in  this  general  summary,  of  sewage  being 
discharged  directly  into  these  soureea ;  and  the  reduction  in  the 
quantity  of  the  organic  matter  of  the  sewage,  and  the  modi  ti  cut  inns* 
through  which  it  has  passed,  indicate  th.at,  chemically,  tLere  is  very 
little  ground  for  concluding  that  harm  could  result  from  the  addition 
of  this  two  per  cent,  in  volume  of  what  bud  l>een  sewage.  Whether 
geiTOS  of  disease,  tliat  possibly  were  in  the  sewage,  have  been  able 
to  resist  the  great  changes  that  have  taken  place,  is  not  known 

While  we  find  in  this  group,  as  a  whole,  an  increase  in  total 
nitrogen  of  a  little  more  than  one-third  of  that  in  our  group 
unpolluted  waters,  we  do  not  find  it  in  form  that  indicates  tliati 
sewage  came  directly  —  without  filtration,  or  material  modificatioa 
by  oi^anic  life — into  these  sources;  and  yet,  upon  examining  the 
different  sources,  wo  find  two  into  which  we  know  sewage  has  Ijeea 
directly  discharged.  These  are  the  Merrimack  River  at  Lowell  and 
at  Lawrence ;  and  we  find,  in  both,  the  amounts  of  nitrogen  in  its 
several  forms  are  leas  than  the  average  of  the  gi-oup. 

These  sources,  then,  demand  more  careful  consideration.  The 
excess  of  chlorine,  over  that  which  belongs  to  the  whole  area  which 
they  drain,  was  found  to  be  0.06  paits  at  Lowell  and  0.07  parts  at 
Lawrence.  We  know  that  this  river  receives  chlorides,  in  large 
quantity,  from  some  of  its  manufacturing  establishments ;  and  we 
must  turn  to  the  nunber  of  persona  living  on  the  drainage  area  to 
determine  how  much  of  the  chlorine  indicates  sewage.     The  esti- 
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mated  population  on  the  drainage  area  above  Lowell,  at  the  time 
of  the  observations, 'Was  58  per  square  mile,  and  above  Lawrence, 
was  80  per  square  mile. 

If  twenty  persons  per  square  mile  ordinarily  add  0.01  part  to  the 
chlorine  as  stated  on  page  680,  the  excess  of  chlorine  due  to  sewage, 
at  Lowell,  would  bo  0.03  parts,  and  at  Lawrence,  0.04  parts ;  and 
the  excess  above  this  of  0.03  parts,  which  makes  up  the  observed 
excess,  must  be  attributed  to  the  manufacturing  establishments. 

The  excess  of  chlorine,  due  to  sewage,  is,  then,  but  about  one- 
third  of  that  of  the  average  of  the  group,  and  indicates  that  about 
seven-tenths  of  one  pe?r  cent,  of  the  water  in  the  river  had  been 


sewage. 


We  have  now  to  see  how  much  of  the  sewage  probably  came 
directly  into  the  river  without  purification ;  and,  in  doing  this,  will 
limit  consideration  to  Lawrence,  whose  water  receives  the  greatest 
amount  of  such  sewage.  The  estimated  number  of  people  on  the 
whole  drainage  area  above  Lawrence,  whose  sewage  is  discharged 
directly  into  the  river,  or  into  some  of  its  branches,  is  1(55, 000. 
If  60  gallons  of  sewage  per  person  enter  daily,  there  would  be 
10,000,000  gallons  a  day,  or  15.5  cubic  feet  per  second.  The 
actual  flow  of  the  river,  on  the  days  when  samples  were  taken, 
averaged  9,579  cubic  feet  per  second ;  hence  the  sewage  entering 
directly  would  amount  to  0.0016  of  the  water  of  the  river.  About 
one-half  of  this  sewage  enters  ten  miles  above  Lawrence,  and  the 
remainder  more  than  thirty  miles  above ;  each  above  long  reaches 
of  ponds  made  by  dams.  In  these  ponds  there  is  abundant  oppor- 
tunity for  a  part  of  the  organic  matter  of  the  sewage  to  settle,  to 
become  oxidized,  or  to  be  appropriated  by  plants  and  organisms  in 
the  river.  If  this  amount  of  sewage  were  added  to  this  quantity  of 
water,  with  no  chemical  change  or  appropriation  by  organisms,  we 
might  expect  an  increase  in  free  ammonia  of  0.0029  parts,  and  in 
albuminoid  ammonia  of  0.0008  parts,  or  0.0037  parts  of  total 
nitrogen  ;  and,  if  our  river  were  previously  like  pur  average  of 
unpolluted  streams  having  the  following  amounts  of  nitrogen,  — 


Free  Ammonia.      Albuminoid  Ammonia.  Xltrates. 

0.0011       0.0156       0.0060 


Nitrites. 
0.0001 


Total  Nitrogen. 

0.0326 


there  would  result : 


Free  Ammonia.      Albuminoid  Ammonia.  yitntet. 

O.OOJkO  0.0161  0.0060 


KItritei. 
0.0001 


Total  Nitrogen. 

0.0363 
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while  the  actual  composition  of  the  ivnter  of  the  river  at  Lawrenc* 
was  as  follows  :  — 

O.U022    '  O.UI7«  0.U09G  0.0003  0-Wt 

"While  in  this  case  the  large  proportionate  increase  in  the  fr« 
ammonia  above  that  of  our  unpolluted  water  indicates  the  ndditio^ 
of  sewage,  and  the  higli  nitrites  indicate  recent  pollution  not  ciiio 
pletely  oxidized  or  converted  into  nitrates,  we  must  still  conclude 
that  the  direct  addition  of  only  one-sixth  of  one  per  cent,  of  sew- 
age to  a  stream  cannot,  after  the  river  has  flowed  fmm  ten  to  thirty 
miles,  he  distinguished  with  certainty  hy  chemical  tests  alone ; 
luu^^t  have  in  addition  the  actual  circumstances  of  the  case,  to  give 
due  weight  to  the  several  indications.  The  quantity  of  eewagt 
added  Ijecomes  so  greatly  diluted  and  modiSed,  while  so  largi 
(junnlky  of  water  is  flowing  in  the  river,  that,  under  the  eonditioitf> 
of  liigh  water  for  the  two  j'ears  of  these  observations,  this  water 
compares  favorably  with  the  jworer  half  of  the  sui-facu  water  supi 
plies  of  the  State;  and  the  amount  of  impurity  is  so  small  that,  aff 
chemical  substance.'*,  they  can  do  no  hnnn  ;  but  we  Iiave  yet  to  lean 
whether  disease  germs,  entering  with  the  sewage,  under  thea 
circumstances,  can  survive  the  passage  of  ton  miles  down  the  river.' 
It  must  be  kept  in  mind,  in  regard  to  such  sources,  that  the] 
grow  worse  from  year  to  year,  and  especially  that  in  time  of  drougbt 
the  sewage  continues  in  full  quantity,  while  the  river  water  groiVf 
rapidly  less.  At  such  time,  too,  while  the  modifying  conditionSj 
such  as  the  appropriation  by  plants,  may  affect  the  saiuo  amount  o 
water,  they  would  leave  a  larger  portion  of  impurity  unchanged 
This  was  illustmted  wlien  the  first  low  water  occurred  after  tin 
above  observations,  in  August,  18110 ;  when  the  flow  in  the  i 
was  only  2,.50O  culiic  feet  per  second,  or  about  one-quarter  of  tlu 
average  given  above,  the  free  ammonia  —  the  ohanieteristic  ingrft 
dient  of  sewage  —  increased  toO.OlGO  parts,  or  to  nearlyeight  timet 
the  average  previously  found,  and  the  albuminoid  ammonia  increiis«j 
to  0.0210  parts.  Here  it  is  evident  that  a  much  smaller  fraction  c 
the  entering  sewage  was  modified  in  its  passsvge  down  the  river,  nu4 
it  may  reasonably  be  assumed  that  at  such  lime  disease  germs  an 
more  likely  to  reach  this  source. 

•  Note.  —  Thp  provnlcnco  of  lypbold  tevet  [n  Lowdl  In  Ibc  liW  »nd  wInKr  of  1890,  foil 
i)>oul  a  itLonrb  Inter  bj  [ta  preTtilcncs  In  Lawrence,  gives  ilronf!  ground  for  conclndtng 
Even  M-lih  great  dilution  b;  LIgb  wiuqt  In  the  rlrer,  tbe  genu*  of  Ihii  dlMoM  an  kblv  to  toT'i'i 
tbe  poiisge  of  teu  milea  !□  tbeM  mouths. 
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Turning  to  the  other  sources  in  this  ^roup,  we  find  Van  Horn 
Resci*voir,  Springfield,  has  the  highest  free  ammonia,  0.0098  parts, 
with  0.05  excess  of  chlorine.  This  is  a  peculiar  source,  and  requires 
a  more  detailed  study  than  we  have  yet  been  able  to  give  to  it.  Most 
of  its  water  is  received  from  Ludlow  Reservoir,  whose  excess  of 
chlorine  is  only  0.01  part ;  and  we  have  not  yet  found  sufficient 
sewage  on  the  drainage  area  of  Van  Horn  Reservoir  to  account  for 
the  increase  of  0.04  parts  in  chlorine,  nor  for  the  increase  of  0.0079 
parts  in  the  free  ammonia. 

The  next  high  free  ammonia  is  that  of  Buckmaster  Pond,  supply- 
ing Norwood.  The  high  free  ammonias  were  at  a  time  of  low  water, 
and  were  accompanied  with  high  chlorine  —  the  excess  reaching 
0.14  parts  —  and  with  low  nitrates  ;  all  of  which  would  indicate  that 
household  wastes,  or  washings  from  manured  land,  enter  this  source 
quite  freely ;  although  the  extremely  high  free  ammonia  in  the  winter 
of  1888  probably  occuiTed  at  that  time  because  of  the  decay  of  organ- 
isms which  had,  in  the  summer,  settled  to  the  bottom,  and  risen, 
with  the  turning  over  of  the  water,  in  winter. 

Reservoir  No.  3,  of  Sudbury  River  supply  to  Boston,  has  nitrogen 
in  its  different  forms  as  follows  :  — 

Froo  Albuminoid  Excess  of 

Ammonia.  Ammonia.  Clilurlne.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0049  0.0285  0.19  0.0218  0.0003  0.0729 

Our  average  of  unpolluted  streams  was  as  follows  :  — 

Free  Aihuminoid  Excess  of 

Ammonia.  Ammonia.  Chlorine.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0011  0.0156  0.00  O.OOGO  0.0001  0.032G 

The  excess  above  that  of  unpolluted  streams,  here,  is  as  follows  :  — 

Free  Albuminoid  Excess  of 

Ammonia.  Ammonia.  Clilorinc.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0038  0.0129  0.19  0.0158  0.0002  0.0403 

If  the  excess  came  from  sewage  poured  directly  into  the  reservoir, 
we  might  expect  it  to  be  as  follows :  — 


Free 

Albuminoid 

Excess  of 

Ammonia. 

.Vmnioiiia. 

Clilorinc. 

Nitrates. 

Nitrites. 

Total  Nitrogen 

0.0G80 

0.0199 

0.19 

0.0000 

0.0000 

0.0885 

If  the  sewage  were  imperfectly  filtered,  we  might  expect  it  to  be 
as  follows  ;  — 

Free  Ammonia.       Albuminoid  Ammonia.  Excess  of  Chlorine.  Nitrates.  Total  Nitrogen. 

0.0020        0.0010        0.19       0.0662        0.0595 
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an/1,  if  very  completely  purified  by  filtration,  we  might  expect  it  to 
be  as  follows  :  — 

Free  Ammonia.       Albuminoid  Ammonia.   Excess  of  Chlorine.  Nitrates.  Total  Nitrogen. 

0.0001  0.0003  0.19  0.0390  0.03% 

The  excess  of  0.1J>  parts  of  chlorine  indicates  that  about  four  per 
cent,  of  the  water  has  received  as  much  .salt  as  ordinary  sewage.  A 
part  of  the  total  nitrogen  of  the  organic  matter  that  would  accompany 
that  amount  of  salt  has,  without  doubt,  been  appropriated  by  vege- 
table and  animal  growth  which  is  not  in  the  water.  The  part  which 
is  in  the  water,  expressed  by  the  excess  above  that  of  unpolluted 
streams,  is  in  such  form  that  we  must  conclude  that  all  of  it  has  not 
been  completely  purified  by  intermittent  filtration  through  the 
ground,  but  that  a  part  of  it  has  flowed  quite  directly,  with  imper- 
fect purification,  from  the  household  wastes,  into  this  source. 

Winchester  Storage  Reservoir  has  an  excess  of  chlorine  of  0.13 
parts,  and  an  average  free  ammonia  of  0.0033  parts.  As  the  water- 
shed was  reported  uninhabited,  these  results  indicating  household 
wastes  or  washings  from  manured  lands,  caused  fuilher  examination 
to  bo  made,  which  showed  that  a  portion  of  the  village  of  Stoneham 
extends  into  the  extreme  upper  end  of  the  watershed,  with  a  sutfi- 
cient  population  to  account  for  the  excess  of  chlorine  and  the  free 
ammonia. 

Stony  Brook  Storage  Reservoir,  of  Cambridge.  This  water  has 
an  excess  of  chlorine  of  0.09  parts,  which  is  greater  than  would  be 
expected  from  a  population  of  90  to  the  square  mile  on  its  drainage 
area. 

Its  nitrogen  is  as  follows :  — 

Fn'O  Albnminoid  Excess  of 

AmuKinlA.  AmniDitia.  Chlorine.  I^ltrates.  Xitrites.  Total  Xitrofren. 

0.00;J3  0.028G  0.09  0.0151  0.0002  0. 01349 

The  excess  above  our  unpolluted  stream  is  as  follows  :  — 

■• 

Froo  AltHiminold  Excess  of 

Amiiioiii:!.  Ammonia.  Ctilurino.  Nitrates.  Nitrites.  Total  Nitroffon. 

0.0022  0.0130  0.09  0.0091  0.0001  0.0323 

Like  Basin  No.  3  of  Boston's  supply,  this  indicates  that  a  part  of 
the  water,  bearing  the  salt,  has  flowed  quite  directly  with  imperfect 
purification  from  liou.seliold  wastes  or  from  manured  fields,  into  this 
source  ;  but  this  was  a  new  reservoir,  filled  for  the  first  time  during 
these  observations,  and,  in  common  with  some  other  new  reser\'oirs, 
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the  highest  free  ammonias  were  during  and  soon  after  filling. 
During  the  last  fourteen  months  they  averaged  only  two-thirds  as 
much,  and  thus  placed  this  water  with  those  whose  contributions 
from  household  wastes  have  been  reasonably,  but  not  very  com- 
pletely, purified  by  filtration. 

Ilingham,  Fulling  Mill  Pond.  This  is  so  near  the  sea  that  there 
is  doubt  in  regard  to  the  excess  of  chlorine.  Its  high  free  ammonia 
was  confined  to  the  fall  of  1887.  The  water  was  then  drawn  oft', 
and  the  bottom  cleaned,  after  which  the  free  ammonia  averaged 
0.0005  parts  from  May  to  December,  1888,  with  no  indication  that 
sewage  entered  without  being  thoroughly  purified. 

Quincy  Storage  Reservoir.  This  drainage  area  is  so  near  the  sea 
that  there  is  doubt  in  regard  to  the  excess  of  chlorine.  The  records 
cover  only  five  months  after  the  reservoir  was  filled,  in  which  the 
free  ammonia  averaged  0.0025  parts.  There  are  but  few  inhabitants 
upon  the  watershed,  and  there  has  been  more  impurity  in  the  water 
of  the  reservoir  than  in  the  water  of  the  brook  entering ;  hence  the 
reported  condition  may  be  a  temporary  one.  Longer  series  of 
observations  will  be  necessary  to  establish  the  permanent  character 
of  this  supply. 

Lake  Cochituate  has,  for  the  two  years,  had  nitrogen  in  its  difier- 
ent  forms  as  follows  :  — 

Free  Albuminoid  Excels  of 

Ammonin.  Ammonia.  Chlorine.  Nitrates.  Nltiitet.  Total  Nitrogen. 

0.0026  0.0207  0.20  0.0148  0.0003  0.0512 

The  excess  above  our  average  of  unpolluted  streams  is  as  follows  :  — 

Free  Albuminoid  Excess  of 

Ammonia.  Ammonia.  Chlorine.  Nitrates.  Nitrites.  Total  Nitrogen. 

0.0015  0.0051  0.20  0.0088  0.0002  0.0186 

With  nearly  the  same  excess  of  chlorine  as  the  water  of  Reservoir 
No.  3,  the  excess  of  nitrogen,  in  its  several  forms,  is  only  about 
four-tenths  as  much ;  and  the  result  is  nearly  what  would  be  ex- 
pected if  the  sewage  which  supplied  this  chlorine  had  been  imper- 
fectly filtered  through  the  ground,  with  a  subsequent  reduction  of 
the  nitrates  by  microscopic  vegetable  growths,  which  appear  in  the 
analysis  as  albuminoid  ammonia.  But  the  condition  here  illustrates 
the  diflScuIty  and  sometimes  the  impossibility  of  distinguishing 
between  a  small  quantity  of  sewage  imperfectly  filtered  in  the 
ground,  before  entering  the  pond,  and  the  same  quantity  of  sewage 
the  most  of  which  is  very  well  filtered  with  a  small  portion  entering 
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directly  withoiit  filtration.  During  these  observntions  sewage  from 
perhaps  1,000  people  entered  the  southern  division  of  the  lake, 
but  it  was  so  modified  in  character  during  its  slow  passage  for 
about  three  miles  from  section  to  section  of  the  lake,  separated  by 
nari'ow  channels,  that  when  it  reached  the  northern  division  where 
the  samples  were  collected  the  analyses  do  not  enable  ua  to  di^ 
tinguish  it  from  sewage  imperfectly  littered  through  the  ground. 

Weatborougli  Storage  Reservoir,  The  drainage  area  of  this 
sourae  is  mostly  wood-land,  and  has  a  very  small  population ;  its 
excess  of  chlorine  is  small,  and  yet  the  average  free  ammonia  a 
higher  than  should  accompany  the  chlorine,  and  indicates  decaying 
organic  matter  in  the  pond  or  entering  it  without  being  purified.  Thi 
observations  were,  however,  continued  but  one  year,  and,  in  this 
time,  a  dam  was  built  across  the  pond,  and  the  mud  and  vcgetalilft 
matter  were  removed  from  one  section,  which  was  afterwards  filled' 
with  water  and  used  as  the  source  of  supply.  In  the  last  throe 
months  of  the  obsei-vations,  after  the  disturbance  due  to  the  changes 
had  passed,  there  was  no  excess  of  chlorine,  and  the  difi'erent  foruiar 
of  nitrogen  were  not  unlike,  in  amount,  those  of  unpolluted  sources. 

The  remaining  sources  of  this  group  have  free  ammonia  less  than 
the  average  of  the  group ;  and,  if  any  of  this  comes  from  sewaga 
entering  the  source  directly,  it  is  in  so  siuall  quantity,  or  becomea 
so  modified  by  the  changes  due  to  now  organic  growth  in  the  water, 
that  it  can  no  longer  be  distinguished  as  imperfectly  purified  sewage. 

We  are,  however,  uj)  to  the  present  time  unable  to  say  how  much' 
these  conclusions  may  bo  modified  by  a  season  of  drought ;  l>ecausei 
in  each  year  covered  by  the  observations,  the  rainfall  has  beea 
unusually  large. 

AVo  have  remaining  seven  sources  of  surface  water  supplies,  ia 
which  the  excess  of  chlorine  exceeds  0.25  parts.  The  first  of  tbese^ 
Lako  Saltonstall  in  Haverhill,  has  nn  excess  of  0.30  parts,  and  has 
so  low  ammonias  and  nitrates  that  it  can  be  classed  with  the  pre- 
ceding cases,  in  which  the  sewage  has  been  reasonably  well  purified 
before  entering  the  pond. 

The  next,  Hobart's  Pond  in  Whitman,  has  an  excess  of  chlor 
of  0.31  parts  per  100,000,  and  is  of  distinctly  different  chantctor 
from  the  last.  Its  total  nitrogen  is  nearly  three  times  ai  much  aa- 
the  last,  and  more  tlian  three  times  as  much  as  the  average  cf 
the  sourees  unpolluted  by  sewage.  Its  albuminoid  nmmonia  U 
higher  than  the  highest  of  the  unpolluted  sources,  and  only  » 
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small  part  of  it  is  made  up  of  organisms  in  suspension.  The  high 
color  indicates  that  much  of  it  is  from  shallow  flowage  of  vegetable 
deposit.  lU  free  ammonia  is  much  more  in  excess  of  the  average 
of  unpolluted  waters  than  w^ould  be  due  to  the  amount  of  sewage 
indic.ited  by  the  chlorine,  if  it  were  in  the  condition  which  we  have 
called  reasonably  well  purified  by  filtration.  This  is  in  part  due  to 
the  periodical  formation  of  free  ammonia  by  the  decay  in  the  pond 
of  vegetable  organisms ;  but  the  free  ammonia  continues  higher, 
through  nearly  the  whole  year,  than  in  unpolluted  sources.  We 
must  conclude  that  the  villages  in  the  drainage  area  of  this  source 
contribute  sewage  more  directly,  and  with  much  less  complete  puri- 
fication by  filtration,  than  in  most  of  the  previously  considered  water 
supplies  ;  and  the  consequent  danger  from  disease  germs  not  being 
destroyed  is  presumed  to  be  greater. 

The  next  source,  Jamaica  Pond,  has  about  the  same  excess  of 
chlorine,  viz.,  0.33  parts,  and  has  still  higher  total  nitrogen,  indi- 
cating pollution ;  and  its  average  free  ammonia  for  the  two  years  is 
very  much  greater,  being  0.0157  pails.  This  by  itself  would  indi- 
cate direct  entrance  of  some  of  the  sewage;  but  the  quantity  of 
water  contained  in  this  pond  is  equal  to  the  whole  quantity  flowing 
into  it  in  tlireo  years,  hence  any  impurities  which  enter  may  in  the 
long  time  be  appropriated  by  organic  growths  in  the  water,  which 
in  their  turn  decay  and  give  out  ammonia,  so  that  the  only  way  to 
determine  whether  sewage  enters  the  pond  directly  is  to  thoroughly 
examine  the  surroundings,  which  has  not  been  done. 

Durinir  the  time  of  abundant  jijrowth  of  or^janisms  the  free  am- 
monia  of  the  water,  about  six  feet  below  the  surface,  becomes  verv 
low  and  is  sometimes  reduced  to  zero.  These  or^janisms,  growins: 
and  dying  through  the  summer,  settle  to  the  bottom,  where,  by  slow 
decay,  they  generate  ammonia;  and,  when  in  the  late  fall  and 
winter,  by  change  in  temperature  of  the  water,  the  bottom  water 
comes  to  the  surface,  it  brings  w^th  it  free  ammonia  amounting  to 
O.OoOO  or  0.0400  parts  per  100,000. 

That  the  high  albuminoid  ammonia  is  due  to  microscopic  organ- 
isms, is  indicated  by  the  fact  that  about  three-quailers  of  it  is  in 
suspension.  The  peculiarities  of  this  source  are  so  marked  that 
they  are  made  the  subject  of  study  in  a  subsequent  section. 

The  next  source  is  the  Arlington  Storage  Reservoir,  in  which  the 
excess  of  chlorine  is  0.36  parts.  Its  total  nitrogen  is  higher  than 
any  we  have  considered,  being,  however,  nearly  all  contained  in  its 
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albuminoid  ammonia,  — 0,0475  pnrts, — and  nitrntes,  — 0.0246  parts, 
—  while  its  free  ammonia  Is  only  0.0024  parts. 

This  reservoir  having  a.  miidtiy  Tiottom,  and  the  drainage  area 
being  largely  meadow  land,  some  of  which  is  overllowed  to  a  slight 
depth,  we  should  expect,  if  there  were  no  polhitioD  from  dwelling3| 
nearly  as  high  albuminoid  ammonia.  The  high  color  also  indicates 
tlio  swampy  origin  of  the  albuminoid  ammonia.  The  low  free  am- 
monia  and  high  nitrates  indicate  that  the  sewage  is  well  purified  hj 
filtration  before  entering  the  reservoir. 

The  next  source.  Dug  Fond  in  Natick,  has  an  excess  of  cbloriae 
of  0.44  pnrts.  Its  total  nitrogen  is  not  as  high  as  in  the  three  pre* 
ceding  sources,  and  it  has  a  larger  proportion  of  nitrates.  This, 
and  the  comparatively  low  free  ammonia,  as  ordinarily  found 
in  the  analyses,  indicate,  that,  while  a  considerable  percentage 
of  the  water  has  been  in  contact  with  household  wastes,  it  has 
been  reasonably  though  not  completely  purified  by  IJltratioD 
tbrongh  the  ground,  and  has  been  modified  by  organic  growth  is 
the  pond. 

The  next  source.  Fresh  Pond  in  Cambridge,  has  a  much  higher 
excess  of  chlorine,  owing  to  the  large  population  within  its  dnijuage 
area.  This  average,  however,  includes  a  time  of  transition  from  n 
natural  pond  receiving  water  from  its  own  drainage  area  to  a  reser- 
voir receiving  most  of  its  water  from  a  comparatively  uninhabited 
district.  We  will  consider  its  condition  as  shown  by  the  nnuly 
of  its  waters  during  five  months,  when  it  was  a  niitural  pond.  The 
average  analysis  at  that  time  was  as  follows  :  — 


l.C 


,0015 


0.0147 


0.03OO 


These  analyses  indicate  that  at  that  time,  although  the  excess  of 
chlorine  was  very  great,  there  was  no  direct  entrance  of  sewage  into. 
the  pond,  and  that  all  water  that  had  been  in  contact  with  house-, 
hold  wastes  had  been  woll  purified.  It  is,  however,  possible  that, 
in  the  season  of  rapid  growth,  included  iu  these  five  months,  enter- 
ing organic  matter  may  have  been  so  rapidly  appropriated  by  the 
organisms  in  the  water  that  it  would  not  appear  in  the  analysis. 
If  so,  the  water  was,  at  that  time,  thus  purified,  and  it  would 
require  a  complete  examination  of  the  surroundings  to  determine 
with  certainty  whether  any  sewage  entered  the  pond  without  being 
purified  in  the  ground. 
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Wo  now  reach  the  last  source,  Mystic  Lake  of  the  Boston  water 
supply,  which  has  the  extremely  high  excess  of  chlorine  of  1.55 
parts  per  100,000.  This  excess  cannot  be  attributed  entirely  to 
household  wastes,  because  some  of  the  tanneries  in  this  watershed 
are  far  from  sewers,  and  the  chlorine  from  their  wastes,  from  work- 
ing salt  hides,  must  ultimately  enter  the  stream.  We  have  not, 
then,  in  this  case,  our  ordinary  measure  of  water  from  household 
wastes. 

The  population  upon  this  drainage  area,  not  provided  with  sewers, 
is  about  820  per  square  mile,  which,  with  our  estimate  of  20  per 
square  mile  for  each  0.01  part  excess  of  chlorine,  would  give  an 
excess  of  chlorine  of  0.41  parts  per  100,000,  leaving  1.14  parts  to 
be  contributed  by  other  sources. 

We  do  not  know  how  much  organic  matter  would  accompany  the 
latter  portion  of  the  chlorine.  We  find  here  the  highest  total  nitro- 
gen in  any  of  the  sources,  and  much  of  this  in  the  objectionable  form 
of  free  ammonia,  indicating  much  pollution,  and  very  incomplete 
purification.  A  much  more  elaborate  study  of  the  several  streams 
which  supply  this  water  to  the  lake  would  be  necessary  to  determine 
to  what  extent  the  organic  matter  of  the  household  and  manufactur- 
ing wastes  is  made  over  into  new  forms  before  the  water  is*  drawn 
from  the  lake. 

During  the  warm  months,  when  the  algoe  and  other  organisms  are 
growing  rapidly,  and  the  surface  water  does  not  sink,  the  free 
ammonia  of  the  incoming  organic  matter  appears  to  be  appro- 
priated by  such  growth,  and  thus  reduced  to  about  one-third  of 
the  average  amount,  indicating  a  good  degree  of  purification  at 
such  time. 

As  the  cold  weather  comes  on,  the  surface  water,  growing  colder 
than  that  at  the  bottom  of  the  pond,  sinks,  and  the  bottom  water 
rises,  bringing  with  it  the  results  of  decaying  organic  matter  from 
the  bottom,  increasing  the  free  ammonia  in  the  water  drawn  from  the 
pond  to  nearly  three  times  that  of  the  average  for  the  year. 

This  high  free  ammonia  indicates  here,  as  well  as  in  sewage,  a 
state  of  decay ;  and,  although  the  nitrogen  of  this  decaying  organic 
matter  ni;iy  have,  in  large  part,  come  from  sewage,  we  are  unable  to 
say  whether  any  disease  germs,  that  may  have  been  associated  with 
it  in  sewage,  have  been  able  to  survive  the  various  changes  that  have 
occurred.  The  strongest  ground  for  concluding  that  they  have  not 
survived  is,  that  a  community  is  daily  drinking  this  water,  and  is 
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not  known  to  be  troubled,  more  than  other  communities,  with  the 
diseases  attributed  to  disease  genns. 

Sucii  a  conclusion  presents  no  ground  for  safety  under  unusual 
conditions,  such  as  an  epidemic  of  a  germ  disease  upon  tliis 
drainage  area,  or  the  introduction  of  a  disease  whose  germs  are 
better  adapted  to  survive  the  changes  that  are  here  taking  place. 


Ground  Watees. 

The  water  supplies  of  the  State,  derived  directly  from  springs, 
which  are  shown,  by  their  chlorine  and  from  the  absence  of  habita- 
tions upon  their  dminage  areas,  to  be  unpolluted  by  sewage,  are  few 
in  number;  but  tbcy  are  characteristic. 

Those  coming  directly  from  the  ground,  and  not  exposed  to  sun- 
light, ai-e  arranged  in  the  following  table  in  the  order  of  their 
nitrates :  — 

[Put*  par  KM.DOO.] 
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The  characteristics  of  these  ground  waters  are  freedom  from  color ; 
free  ammonia  and  nitrites  exceedingly  small,  or  wanting;  low 
albuminoid  ammonia,  and  varying  nitrates  ;  »'ith  varying,  but  low, 
total  nitrogen. 

Anotlicr  group  of  unpolluted  ground  waters,  differing  from  the 
former  in  being  exposed  to  sunlight  after  coming  out  of  the  ground, 
is  cootuinod  in  the  following  table  :  — 
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From  tlie  preceding  section,  we  bring  for  comparison  the  average 
nnnlytjis  of  our  unpolluted  surfuco  waters :  — 


Comparing  the  ground  waters,  unpolluted  I>y  sewage,  with  sur- 
face wiitcr^,  wo  see  the  cssontiul  differences  iu  tlio  two  classes. 
When  they  liave  the  same  amount  of  total  nitrogen,  the  ground 
waters  have  only  about  one-tenth  as  much  free  and  albuminoid  am- 
monia, with  five  times  as  nmch  nitrogen  as  nitrates.  Whereas,  in 
surface  waters,  the  great  variations  in  nitrogen  were  in  the  form  of 
organic  nitrogen,  here  we  find  that  in  ground  waters  the  organic 
matter  has  been  oxidized  or  burned  in  its  passage  through  the 
ground,  and  the  nitrogen,  or  a  part  of  it,  that  existed  in  organic 
matter,  now  cxiJ-ts  in  mineral  matter,  as  nitrates. 

Ex])erim(;nts  upon  intermittcut  filtration,  of  both  sewage  and 
water,  show  that  the  total  amount  of  nitrogen  found  in  water  after 
it  has  percolated  through  the  ground  and  become  nitrified  is  less 
than  when  it  was  on  the  surface,  l>y  twenty-five  or  fifty  per  cent. ; 
and  here  we  find  the  tot'd  nitrogen  in  the  unpolluted  ground  water, 
which  contains  the  most,  to  be  about  two-thirtls  of  the  amount  con- 
tained in  the  unpolluted  surface  water,  which  contains  the  most ;  and 
the  same  relation  between  the  average  total  nitrogen  of  the  ground 
and  surface  waters.     From  which  we  may  conclude  that  our  short 
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list  of  unpolluted  ground  waters  includes  nearly  the  whole  range  of 
the  variation  in  total  nitrogen,  or  of  niti*ates,  that  we  are  likely  to 
find  in  unpolluted  ground  waters. 

The  average  of  the  analyses  of  the  first  group  is  as  follows  :  — 


Total 

AmmoniA. 

Total 

Color. 

Hcsiduo. 

Free.             Albamlnoid. 

Kitrates. 

Nitrites. 

Nltrugen. 

0.00 

5.26 

0.0001          0.0013 

0.0199 

0.0000 

0.0221 

In  the  second  group  of  unpolluted  ground  waters,  which  have 
been  slightly  modified  by  exposure  to  light,  the  total  nitrogen  aver- 
ages almost  exactly  the  same  as  that  of  the  first  group ;  but  the 
difierent  forms  of  nitrogen  are  proportioned  differently. 

The  average  analysis  of  the  six  sources  is  as  follows :  — 


Total 

Ammonia. 

Total 

Color. 

Bcsidue. 

Free.             Albuminoid. 

Nitrates. 

Nitrites. 

NIlroKen. 

0.02 

3.84 

0.0003          0.0052 

0.0137 

0.0001 

0.0225 

Here  the  nitrates  are  reduced,  and  the  albuminoid  ammonia  in- 
creased by  about  the  same  amount  of  nitrogen.  This  is,  without 
doubt,  due  to  the  appropriation  of  nitrates  by  the  microscopic  vege- 
table organisms  found  in  most  of  these  waters,  which,  in  the  sub- 
stance of  these  organisms,  becomes  organic  nitrogen,  and  appears 
in  the  analyses  of  the  water  as  albuminoid  ammonia. 

The  close  agreement  in  the  total  nitrogen  of  these  two  groups  of 
unpolluted  waters, — and  this  being,  as  we  should  expect,  about 
two-thirds  of  the  total  nitrogen  of  the  unpollut^  surface  waters, — 
enables  us  reasonably  to  conclude  that  the  above  average  analysis 
of  unmodified  ground  waters  expresses  nearly  the  relation  of  the 
different  forms  of  nitrogen  to  be  found  in  unpolluted  ground  waters, 
but  that  in  extreme  cases  the  quantity  of  each  fonn  may  be  from 
two  to  two  and  a  half  times  the  average  quantity. 

Before  examining  the  different  forms  of  nitrogen  in  the  waters 
taken  from  the  ground,  which,  by  an  excess  of  chlorine,  show  that 
they  have  been  polluted  1)y  sewage,  we  will  first  take  all  of  such 
waters  and  compare  their  excess  of  chlorine  with  their  excess  of 
total  nitrogen  above  0.0221  parts  per  100,000,  or  above  the  aver 
age  found  in  our  unpolluted  ground  waters. 

They  have  been  placed  in  the  following  table,  in  the  order  estab- 
lished bv  the  number  of  times  the  excess  of  total  nitro<ren  is 
contained  in  the  excess  of  chlorine :  — 
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CiTT  OB  Town. 


Source. 


Excess  of 

ToUl  NItrofren 

over  .0221. 


Excess 
of  Chlorine. 


B 


Ratio. 

n 


"VVayland, 

Ware,       .... 

Bloughton,       .        .       . 

Dedhuni,* 

ChlcoiM'c  Falln, 

Klngnton,         .        .        • 

"VVclleBley,        .        .        .        .  j 

Franklin, 

Concord  Kcfonnatoi^',  .        .  • 

Bharon 

Ayer,        .... 

MiddU>l)orouKh, 

Arlington, 

Eaiiton,    .... 

Hopkiuton, 

Chlco|>e«», 

Braintrec, 

Graf  tun,  .... 

Mllfonl 

Watertown,*  . 
Whitman,         ... 
Hyde  Turk,*    . 
Bridgcwater,* 
Attleborough,* 
Walpiam,*      ... 
FnuniDgham,  .        •       •       , 
Brookllnc',*      .       •       •       . 
Taunton,*        .... 
North  Attleboroagh,      • 
Wobum,  .        .        .       •       ( 


Filter  gallery, 
Well. 


Well,        .       .  . 

Well, 

SprlngA,    .       •  • 

Well  and  gallery,  . 

Filter  gallery, .  . 

WelU, 


Wclla,      .... 

Well 

Well 

Well 

Filter  gallery,  . 

Well 

Well*,       .... 

Springs,    .... 

Filter  gallery, . 

WelU  and  springs, .       . 

WclU,       .... 

Filter  gallery, . 

Filter  gallery,  . 

Wells  near  river,     . 

Wells  near  river,     . 

Filter  gallery  and  wells. 

Filter  baain,     ... 

Filter  gallery, . 

Filter  gallery, .       ,       , 

Filter  baain,     . 

Well  near  pond  and  rivpr. 

Filter  gallery, . 


.0520 
.2790 


.8175 

.2458 

.0400 

.0812 

.0307 

.2036 

.0415 

.1670 

.0437 

.1378 

.0792 

.0370 

.3904 

.0238 

.0809 

.2404 

.0114 

.0378 

.0359 

.0463 

.0127 

.0863 

.0155 

.0217 

.0147 

.0120 

.0126 

.0194 


.08 
.52 

1.79 
.04 
.11 
.23 
.12 
.67 

3.20 
.59 
.17 
.54 
.32 
.15 

1.G9 
.11 
.43 

1.34 
.07 
.28 
.28 
.37 
.11 
.81 
.16 
.23 
.17 
.19 
.26 

2.05 


1.52 

1.87 

2.19 

2.60 

2.75 

2.83 

3.02 

3.29 

3.40 

3.52 

3.89 

3.92 

4.04 

4.05 

4.33 

4.62 

5.32 

6.57 

6.14 

7.41 

7.80 

7.98 

8.66 

9.38 

10.32 

10.00 

11.43 

15.83 

20.63 

105.77 


*  The  normal  chlorine  used  for  these  wells  and  galleries  near  rivers  is  the  normal  for  the  looality. 
If  tho  relative  quantity  of  water  received  into  the  gallery  from  the  river  and  from  the  land  f«idu  had  been 
known,  tht^  normal  for  their  mixture  coald  have  been  determined.  This  would  have  been  in  all  of  theso 
coses  somewhat  less  than  that  used,  thus  making  the  excess  and  the  ratio  somewhat  greater  than  here 
given. 

The  first  and  last  in  the  table  are  exceptional.  The  first,  which 
cannot  properly  be  called  a  ground  water,  is  from  a  gallery  close  by 
the  shore  of  an  unpolluted  surface  water,  which  contains  an  extremely 
large  amount  of  total  nitrogen ;  and  the  last  is  from  a  gallery  by 
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the  shore  of  a  pond  which  has  received  a  large  excess  of  chlorine 
from  tanneriea  treating  salted  hides. 

Of  the  remaining  sources,  we  find  that  all  in  which  the  excess  of 
total  nitrogen  is  less  than  one-sixth  of  the  excess  of  chlorine  are  filter 
galleries  or  welis  on  the  hanks  of  streams  or  ponds  from  which  they 
derive  much  of  their  water.  Although  their  waters  ore  taken  out  of 
the  ground,  they  dilFer  from  true  ground  waters.  They  are  surface 
watei'a  which  have  been  stniined  and  in  some  cases  punSed  by 
passing  through  porous  material- 
There  are  two  conditions  which  generally  exist  with  all  of  these 
ground  water  supplies.  The  iirst  is  that  the  location  is  generally 
selected  so  far  from  any  ajiparent  sourte  of  pollution,  by  sewage, 
that  such  polluted  water  Hows  tlirough  the  ground  intermittently, 
and  becomes  more  or  less  purified  by  oxidation,  converting  the 
organic  matter  into  nitmtes,  as  in  intei-mittent  filtration.  These 
nitrates  are  soluble,  and  the  larger  part  of  their  nitrogen  is  taken 
along  to  the  source  of  supply,  and  makes  up  a  part  of  tbe  total 
nitrogen. 

The  other  condition  is,  that,  under  the  statute  in  Massachu^tts, 
no  sewage  from  water-closets  or  privies  can  be  tunied  directly  Into 
any  dtream  or  pond  on  the  banks  of  which,  for  a  distance  of  twenty 
miles  below,  there  is  a  filter  basin  from  which  water  is  used  for 
drinking.  On  this  account  the  sewage  of  the  inhabitants  on  tha 
watersheds  of  the  streams  and  ponds,  near  which  our  filter  galleries 
are  situated,  first  goes  into  the  ground,  and  is  to  a  considerable 
extent  purified,  before  it  enters  the  stream;  while  in  the  stream  or 
pond,  growing  organisms,  both  animal  and  vegetable,  appropriate  a 
part  of  the  nitrogen,  and,  when  the  water  is  again  passed  through 
sand,  on  its  way  to  the  gallery,  these  organisms  are  excluded,  and 
the  total  nitrogen  is  reduced.  Each  of  these  processes,  of  a  change 
of  form,  or  removal,  of  nitrogen,  is  an  important  step  in  the  parificji- 
tion  of  the  water  from  the  original  pollution  by  sewage.  In  these 
stops  there  is  no  decrease  in  the  chlorine;  hence  we  find  that,  when 
the  water  has  passed  through  the  two  processes  of  purification,  there 
is  much  less  excess  of  total  nitrogen  in  proportion  to  the  excess  of 
chlorine  than  when  it  has  passed  through  hut  one  process,  as  in  the 
more  properly  called  ground  waters. 

The  latter  are  to  bo  found  in  the  upper  part  of  the  table,  and  con- 
tain an  excess  of  total  nitrogen  from  one-half  to  one-sixth  of  th« 
excess  of  the  chlorine. 
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When  the  excess  of  chlorine  is  more  than  this,  we  may  look,  for 
the  source  of  the  water,  to  a  surface  water  from  which  a  part  of 
the  nitrogen  has  been  removed,  or  to  a  source  of  pollution  in  which 
more  chlorine  enters  than  usually  accompanies  sewage,  as  may  be 
found  in  some  manufacturing  wastes. 

Turning  to  the  extreme  case  of  the  intermittent  filtration  of  sew- 
age, we  find,  from  the  results  obtained  at  the  Lawrence  Experiment 
St^ition,  that  when,  as  in  the  ordinary  condition,  the  total  nitrogen 
of  the  sewage  was  about  one-half  as  many  parts  per  100,000  as  the 
chlorine,  the  effluent  that  was  regarded  as  very  completely  purified 
contained  one-fifth  as  much  total  nitrogen  as  chlorine,  and  the 
effluent  that  was  less  completely  purified  contained  about  one-third 
as  much  total  nitrogen  as  chlorine. 

From  this  general  view  we  will  turn  to  the  examination  of  the  sev- 
eral sources  of  ground  water  supplies  that  are  shown,  by  their  excess 
of  chlorine,  to  have  been,  at  some  time,  polluted  by  sewage. 

Of  the  ground  waters  which  are  shown,  by  their  chlorine,  to  have 
from  one  to  five  per  cent,  of  their  volume  of  water  which  had  been 
in  contact  with  household  wastes,  we  find  eleven  sources,  which  give 
the  following  average  analysis  :  — 

Total  AmmonU.  Excess  of  Tntnl 

Color.        KesitJoe.  Free.  Albaminold.     Chlorine.  Nitrates.  Nitrites.  Nltroj^en. 

0.02    5.16    0.0004    0.0031    0.15    0.0467    0.0001    0.0523 

The  average  analysis  of  the  unpolluted  ground  water  was  :  — 

Total  Ammonia.  Excess  of  Total 

Color.         Residue.  Free.  Albuminoid.      Chlorine.  Nitrates.  Nitrites.  Nitrogen. 

0.00        5.26        0.0001         0.0013         0.00         0.0199        0.0000         .0221 

and  the  average  increase,  with  an  excess  of  chlorine  of  0.15,  is  as 
follows :  — 

Total  Ammonia.  Excess  of 

Color.         Residue.  Free.  Albuminoid.      Chlorine.         Nitrates.  Nitrites.  Nitrogen. 

0.02    0.10    0.0003    0.0021    0.15    0.0268    0.0001    0.0302 

Taking  the  same  character  of  sewage  that  we  introduced  in  discus- 
sing surface  waters,  we  shall  find  that  an  increase  of  0.15  parts  per 
100,000  in  chlorine  would,  if  the  sewage  were  poured  directly  into 
the  source  without  purification,  increase  the  several  forms  of  nitrogen 
as  follows :  — 

Free  Ammonia.    Albuminoid  AmmonU.        Nitrates.  Nitrites.  Total  Nitrogen. 

0.0546      0.0159      0.0000      0.0000      0.0708 
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If  very  completely  purified,  by  filtration,  an  follows :  — 

0.0001  0.0002  0.0310 

If  less  completely  parified  by  filtration  : 

0.0016  O.OOt 

The  incrcasfl  in  total  nitrogen  of  this  groap  ia  just  one-fifth  of 
the  excess  of  chlorine,  which  is  the  relation  which  exists  in  our  very 
complete  puriticntion  by  filtration.  The  small  free  and  albumiooid 
ammoaias  indicate  thnt  no  sewage  comes  directly,  without  purifi- 
cation,  into  these  sources.  The  greater  increase  in  the  free  and 
albuminoid  ammonias  and  the  less  increase  in  nitrates  than  we 
would  expect  with  the  \-ery  complete  purification  indicated  by  tiie 
total  nitrogen  suggests  that  some  of  these  sources  are  exposed  to 
the  light,  and  that  some  are  surface  waters  that  have  been  purified 
a  second  time' by  passing  through  the  ground. 

The  analyses  of  the  water,  fi-om  the  several  sources,  are  given  in 
the  following  table  :  — 

Analyxcs  of  Ground  WtOer  Supplies  which  coiUain  an  Excets  of  Chlorine  of  from 
0.07  I'arla  to  0.26  Paris  per  100,000,  arranged  in  the  Order  of  their 
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Upon  examination  of  those  among  these  sources  which  are  not 
exposed  to  light,  they  are  found  to  contain  but  about  one-half  as 
much  free  and  albuminoid  ammonia  as  those  which  are  exposed  to 
the  light. 

Four  of  these  sources  —  Waltham,  Brookline,  Bridgewater  and 
North  Attleborough  —  are  filter  galleries  or  wells,  on  the  banks  of 
rivers.  Their  excess  of  total  nitrogen  is  from  one-eighth  to  one- 
nineteenth  of  their  excess  of  chlorine,  because  they  have  been 
doubly  purified,  fii'st  as  surface  waters,  and  then,  to  a  good  degree, 
though  not  very  perfectly,  as  ground  waters.  If  this  last  process 
had  been  more  complete,  their  free  and  albuminoid  ammonias  would 
have  been  somewhat  lower.  We  must,  however,  conclude  that 
these  waters  have  been  very  well  purifird  from  the  sewage  pollution 
that  at  some  time  entered  them. 

Four  of  the  sources  —  Chicopee  Falls,  Kingston,  Wellesley  and 
Ayer  —  have  excess  of  total  nitrogen  about  one-third  of  their 
excess  of  chlorine,  which,  together  with  their  free  and  albuminoid 
anmionias,  places  them  a  little  below  those  which  we  have  called 
very  completely  purified  by  filtration. 

The  remaining  sources  —  Easton,  Chicopee  (exposed  to  light) 
and  Milford  —  indicate,  by  their  total  nitrogen  and  their  ammonias, 
that  they  are  very  completely  purified  by  filtration. 

From  experiments  made  at  Lawrence,  it  appears  reasonable  to 
conclude  that,  when  polluting  organic  matter  has  become  so  com- 
pletely nitrified  as  in  these  cases,  which  we  have  called  very  com- 
pletely purified  by  filtration,  the  bacteria  that  accompanied  the 
polluting  organic  matter  are  destroyed. 

Our  next  group  contains  twelve  sources  of  supply,  in  which  the 
excess  of  chlorine  is  above  0.2(5  parts. 

The  several  analyses  are  as  follows :  — 
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Ground  Waters  in  which  the  Excels  of  Chlorine  is  above  0.26  Parts  per  100^000^ 

arranged  iji  the  Order  of  Nitrates, 


Source. 

Color. 

RKMinUK  ON*     1 
EVAl>OKA1ION. 

§  1 

iMNONIA. 

NiTROGEX     , 
AS 

1 

■ 

B 

.0599 

c 
■c 
c 

CiTT  OR  Town 

ALBI'MIN'UID. 

1 

t 

• 

Sus- 
pended. 

Nitrates. 

• 

•c 

o 

Watertown,* 

Kilter  K^Uery, 

0.00 

'     6.98 

1 

.0002 

.0035 

- 

,  .0540 

.0000 

.28 

Hyde  Park,* 

Tubular  woUh, 

0.00  i 

6.10 

.      1 
1 

.0002 

.0019 

- 

,  .0619 

.0002 

' .0684 

.ST 

Breintrcc,  . 

Filter  gallery,    0.07 

7.14 

.0006 

.0045 

- 

.0984 

.0003 

.1030 

.4a 

Attleborou;?h,*  . 

Well,        .        .    0.02 

9.13 

~      1 

.0016 

.0032 

- 

i  .1007 

.0011 

.10S4 

.SI 

Middleboiuimh, 

Well,        .        .    0.00 

8. CI 

.0002 

.0023 

- 

.1559 

.0001 

.1599 

.54 

Sharon, 

Well,        .        .  '  0.00 

7.99 

- 

.0001 

.0007 

- 

.1384 

.0001 

.1897 

.59 

Franklin,    . 

Well,        . 

O.Ol 

8.77 

' 

.0001 

.0015 

- 

.2230 

.0002 

1 

.2257 

.CT 

Oraftou,     . 

(iallery,  . 

COO  1 

1  10. 7d 

1 

.0002 

.0023 

- 

.2585 

.0001 

.262o 

1.34 

Dedhum,*  . 

Will,       .        ,\  0.00 

io.r»7 

1 

.0002 

.0012 

- 

.2658 

.0000 

.2679 

.64 

Ware, 

Well,        .        .     0.00 

1 

7.51 

— 

.0030 

.0011 

- 

.2991 

* 

.0002 

.9011 

.52 

Hopkinton, 

Tubular  wellfl, '  O.oo 

i 

14.67 

.0001 

.0017 

- 

.4095 

.0001 

.4125 

1.69 

Btoughton, 

Well,        .        . 

•                •                • 

0.01  ' 

17.34 

.      1 

.0013 

.0040 

• 

.8280 

.0040 

.8396 

1.79 

Average, 

0.01 

9.03 

- 

.0004 

.0023 

.3456 

f 
1 

.0005 i 

1 

1 

.2499 

.81 

*  See  note  at  bottom  of  table,  page  705. 


The  average  of  this  group  has  the  following  excess  above  the 
average  of  our  unpolluted  ground  waters  :  — 


Resldae  on  Free 

Color.      Evaporation.    Ammonia. 

0.01  4.37  .0003 


Albuminoid 
Ammonia. 

Nitrates. 

Nitrites. 

Total 
NitroKen. 

Excels  of 
Chlorine. 

.0010 

.2256 

.0005 

.2288 

.81 

If  wc  omit  the  two  which  have  the  highest  free  ammonia,  the 
average  of  the  group  would  be  :  — 


Free  Ammonia.    .Mbomiooid  Ammoni.i.     Nitrat«>8. 

.     .0002  .0021  .2U17 


Nitritrs.  Total  Nitrof^en.   Excess  of  (hlorine. 

.0001  .2051  .71 


The  excess  above  the  average  of  unpolluted  waters  would  be  :  — 


Free  Ammonia.   Albuminoid  Ammonia.    Nitrates. 
.0001  .0008  .1818 


Nitrites.  Total  Nitrof^en.    Excess  of  Chlorine. 

.0000  .1840  .71 


The  excess  of  the  total  nitrogen  being  but  about  one-quarter  of 
the  excess  of  clilorine,  and  this  being  nearly  all  in  the  harmless  form 
of  nitrates,  and  the  excess  of  free  and  albuminoid  ammonias  being 
so  very  small,  we  must  regard  the  water  of  the  group,  as  it  stands 
after  the  omissions,  as  very  completely  purified. 
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Examining  these  sources  in  detail,  we  find  three  of  them  —  Water- 
town,  Hyde  Park  and  Braintree  —  have  low  total  nitrogen  in  pro- 
portion to  their  chlorine,  because  they  receive  water  freely  from  a 
surface  water  near,  and  the  low  ammonias  of  the  first  two  indicate 
that  they  ])elong  in  the  class  indicated  hy  the  group  ;  but  the  aver-* 
age  given  in  the  table  for  Bniintree,  and  the  still  higher  ammonias 
found  in  the  spring  and  early  summer  of  1887  and  1888,  indicate 
tiiat  there  are  times  when  this  water  is  not  so  well  purified. 

All  of  the  other  sources,  having  ammonias  so  little  in  excess  of 
unpolluted  waters,  —  although  in  some  cases  their  excess  of  total 
nitrogen  is  a  very  large  fraction  of  the  excess  of  chlorine,  —  must 
I)e  regarded  as  very  completely  purified  by  filtration. 

Returning  to  the  two  sources  omitted  on  account  of  their  higher 
free  ammonia,  we  find  that  one  of  them  —  Attleborough  —  has  a 
filter  gallery  and  wells  by  the  side  of  Ten  Mile  Kiver.  The  low 
excess  of  nitrogen,  being  but  one-ninth  of  the  excess  of  chlorine, 
would  i)lace  this  water  among  the  surface  waters  again  purified  ;  but 
the  excess  of  the  chlorine  of  the  gallery  above  that  of  the  river, 
>hows  that  free  communication  does  not  exist ;  and  the  only  expla- 
nation that  appears  probable  is  that  most  of  the  polluted  water 
comes  so  far  through  the  ground  that  it  is  very  complletely  purified, 
but  that  a  small  percentage  comes  from  a  short  distance,  and  is  im- 
perfectly purified,  and  thus  brings  with  it  more  of  ammonia  than 
we  should  expect  from  the  small  amount  of  total  nitrogen.  This 
conclusion  is  confirmed  by  the  unusually  high  nitrites  of  this  source. 

The  other  omitted  source  is  that  of  Stoughton,  a  well  thirty  feet 
deep  in  the  centre  of  the  village.  The  excess  of  total  nitrogen  is 
very  large,  compared  with  the  excess  of  chlorine,  and  both  indicate 
that  the  water  has  been  very  seriously  polluted  by  sewage  ;  but  the 
small  ammonias  indicate  that  it  has,  in  general,  been  well  purified, 
although  not  what  we  have  called  very  comi)letely  purified,-  by 
filtration.  An  increase  in  the  ammonias  and  in  the  nitrites  in  the 
winter  of  18X7-88  shows  a  less  purification  at  that  time,  and  indicates 
danger  in  the  use  of  a  water  which  has  been  so  highly  charged  with 
organic  matter,  and  which  dei)ends,  for  its  purification,  upon  circum- 
stances that  vary  from  time  to  time. 

We  have  two  other  sources  of  ground  waters  exhibiting  peculi- 
arities which  it  would  be  well  to  compare.  One  is  from  the  Woburn 
Filter  Gallery,  on  the  shore  of  Horn  Pond,  and  the  other  from  wells 
at  the  State  Reformatory  at  Concord,  which  receive  water  filtered 
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from  tho  sewage  of  the  institution.     These  wells  i 
as  a  source  of  water  supply. 

The  average  analyses  arc  as  follows :  — 


3  not  now  useJ 


._ 

1 

JX 

'SI ;     A....„. 

-"" 

i 
i 

CiTr 

1 

iLBtmsaio. 

1 

i 

t 

i 

J 

il 

1 

Woboni,   . 

ODDCord,  . 

F11..r  cilery.  .        .        . 

*.01 

:: 

'm«, 

:I 

- 

.mis  .own 

.MW 

!:" 

In  the  first  case,  we  find  the  excess  of  chlorine  is  one  hundred 
times  the  excess  of  nitrogen  over  that  of  unpolluted  waters;  and, 
in  the  second  case,  the  excess  of  chlorine  is  but  three  and  four-tenths 
times  as  much  as  tho  excess  of  the  total  nitrogen. 

The  relation  of  the  excess  of  chlorine  and  the  excess  of  the  differ- 
ent forms  of  nitrogen,  in  the  second  case,  is  what  we  should  exjwot 
from  the  filtration  of  sewage,  when  the  purification  ranges  I>etween 
that  which  we  have  called  very  complete  purification,  and  that  called 
reasonably  well  purified  by  filtration.  This  is  shown  by  the  follow- 
ing results. 

Proportion  of  nitrogen  in  different  forms,  when  diluted  sewage  is 
very  completely  purified  by  filtration :  — 


0.0008 


When  reasonably  well  purified  by  filtration  :  - 


The  excess  of  nitrogen  in  the  different  forms  found  in  the  State 
Reformatory  wells,  above  that  of  unpolluted  waters,  is  as  follows  :  — 


Turning  to  tho  supply  from  Woburn  Filter  Gallery,  wo  find  the 
following  excess  above  unpolluted  ground  waters :  — 


Whence  this  great  excess  of  chlorine  with  the  very  small  excess 
of  total  nitrogen  ?     It  is  without  doubt  due  to  two  causc:s :  a  great 
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increase  of  chlorine  from  the  soakings  from  tanneries  treating  salt 
bides,  and  a  decrease  of  the  nitrogen  by  its  appropriation  by  the 
great  abundance  of  algas  and  other  organisms  growing  in  the  pond, 
which  are  filtered  out,  by  the  sand,  lietwecn  the  pond  and  the  filter 
gallery. 

The  chlorine  of  the  filter  gallery  indicates  that  about  eight-tenths 
of  its  water  is  from  the  pond ;  and  the  reduction  of  the  free  and 
albuminoid  ammonias  to  about  eight  per  cent,  of  those  in  the  pond, 
shows  a  good  degree  of  purification  in  the  passage  ;  so  that  this 
water,  that  has  contained  much  pollution,  from  the  largo  population 
upon  the  drainage  area  and  from  the  manufacturing  wastes,  must 
be  regarded  as  approaching  near  to  the  condition  of  being  very 
completely  purified. 

We  have  remaining  a  group  of  five  wat<?rs,  taken  from  the  ground, 
which  are,  in  fact,  imperfectly  filtered  surface  waters.  Their  excess 
of  totjil  nitrogen  is  genemlly  very  small,  but  varies  from  more  than 
one-half  to  one-fifteenth  of  the  excess  of  chlorine. 

The  analyses  are  given  below  :  — 


Imperfectly  filtered  Surface  Waters,  arran(jed  in  the  Order  of  Free  Ammonia. 


Source. 

Color. 

I{R!)IDrK   ON 
■  EVAIMlKATlor*. 

1 

1 

.\MMONIA. 

ALRI'MlNOin. 

NiTKOGEX 

A8 

1 
Total  Nitrogtn. 

orine. 

C'lTT 

c 

1   H 

1 

5.47 

1 
5    1 

!| 

5       1 

1 

• 

.0012 

j 

OB  Town. 

• 

2 

o 

Sus- 
pended. 

Nitrates. 

Nitrites. 

o 

m 
m 
a 

K 

Taunton,  . 

1 
Filter  basin,    . 

0.39  ' 

- 

.0102 

- 

!  .0163 

.0001 

.C341 

.!•.> 

Fraraingham,  . 

Filter  gallery, 

0.07 

5.93 

- 

.0031 

.0084 

I 

' .0272    .0003 

'  .0438 

.23 

Whitman, 

Filter  gallery, 

0.33 

5.51 

- 

.0100 

.0188 

- 

.0186 

.0004 

;  .0580 

.2S 

W^aylaud, 

Filter  gallery. 

0.50 

4.96 

.0140 

.0186 

- 

.0325 

.0U02 

.0747 

.08 

Arlington, 

Filter  gallery, 

•                •                •                •    , 

0.34 

6.80 

■ 

1 

.0148 

.0173 

- 

.0603 

.0005 
.0003 

.1013 

1 

.3-2 

Average, 

0.31 

5.73 

1 

.0080 

.0147 

- 

.031U 

.Oii.'J 

.i.» 

These  sources  are  filter  basins  or  galleries  on  the  shore  of  ponds 
or  streams,  so  near  that  the  partially  purified  water  passed  freely 
and  continuously,  without  exposure  to  air,  through  the  bank  of  sand 
and  gravel,  so  that  there  is  no  opportunity,  or  very  little  oppor- 
tunity, for  the  nitrifying  effect  of  intermittent  filtration. 

In  fact,  the  nitrates  of  the  surface  waters  adjacent,  which  supply 
nearly  all  of  the  water  of  these  galleries,  average  0.0144  f)arts, 
while  the  nitrates  within  the  galleries  average  0.0310  parts,  which 


714 


WATER  SUPPLY  AND  SEWERAGE. 


[Dec. 


ia  only  about  one-lialf  of  what  we  should  expect,  if  the  same 
waters  were  well  puritied  by  intermittent  Hltration.  And  tliia  iii- 
cieiise  h  m  part  duo  to  the  nitridcatioD  of  sewage  mattei*  in  the 
soil,  on  the  land  side  of  the  filter  galleries.  This  is  evident  from 
tlio  greatest  increase  in  the  nitrates  being  where  the  excess  of  chlo- 
rine is  greatest  in  the  filter  gillery,  above  that  of  the  surface  water 
iKljaccnt. 

To  observe  the  effect  of  thi^  imperfect  filtration,  the  several  forms 
of  nitrogen,  and  t!ie  excess  of  chlorine  al>ove  the  normal,  of  the  sur- 
face water  adjacent  to  tlie  filter  gallery,  and  of  the  water  in  the  filter 
gallery,  are  given  in  the  following  table  :  — 


A.. 

.„.. 

i 

«t™„« 

1 

1 

s!i 

8,^™. 

i 

1 

1 

111 

ilV.T,         .             .             . 

2? 

.r'«4 

:1b 

.0.,, 

Imkji 

:S 

s.i; 

filter  ipiilcry, 

',tmi 

.WSI 

iiwra 

.ouoa 

;a 

»:J1! 

nol.sr|--rond,     . 

.OIKll 

.■.lar, 

.30 

.01« 

.«>« 

.ISSS 

B.;i 

'.Ol«J 

;» 

S 

:Z^[ 

'.UiW 

"i 

.ows 

'.-•9 

:ri 

:S?« 

.:-,. 

'Vm 

'.■■a 

:Zi 

\wl 

tS 

■.^^ 

1  -^ 

zt 

:S 

•'" 

The  ]trincipal  cll'ect  of  llio  imjierfcct  filtration,  in  these  cases,  is, 
lilie  continnou,^  filtration  of  sewage  generally,  to  reduce  the  albumi- 
noid ammonia  and  increase  the  free  ammonia,  tlio  sum  of  l>oth  being 
reduced  by  what  is  strained  out.  There  is  wanting  the  presence  of 
air  in  the  ground  through  which  the  water  passes,  to  enable  the 
ammonia  to  bo  still  further  removed  by  its  oxidation  and  conversion 
into  nitrates. 

Wo  have  renuirning  four  sources  of  ground  waters  so  near  the  sen 
that  we  are  unal>Iu  to  determine  their  normal  chlorine,  and  have  not 
our  u>iua!  measure  to  determine  to  wliat  extent  they  have  been  in 
contact  with  household  wastes.  In  such  case  we  fall  back  ujwn  the 
total  nitrogen  to  iiiciicale  what  has  been,  and  its  present  fonu  to 
indicate  the  actual  condition. 
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The  analyses  are  given  in  the  following  table  :  — 

Ground  Waters  collected  so  near  the  Sea  that  the  Xormal  Chlorijie  is  ifidetcrminaU\ 

arranged  i7i  the  order  of  nitrates. 


ClTT 

OK  Towx. 


CohaoMct, . 
Revere,     . 
Mulden,     . 
Bwainpacott, 
Averaffe, 


Source. 


ItKSIbl'K  OS 

1 

EVAPUKATIOX. 

c 

o 

^  t^ 

^    •>• 

^ 

« 

i^ 

3 

o 

^ 

U 

H 

^ 

Ammuxu. 


WflU, 
Wcllii, 


0.00      14.46 
0.00      22.53 


Tubular  wclU,     0.00   ■  16.69 

i 

Wells,      .        .  i  0.01      25.01 


0.00   I  19.68 

II 


XiriioGKX    . 

A8 

^ 

E 

c 

h 

m 

^^ 

E 

u 

^ 

•rf 

•rf 

^fc 

'A 

'A 

5= 

,  .0272 

.0003 

.0309 

.1408    .0024  ■ 
1  .4768 
.47R6;  .OJKW 


.2808 :  .0010 


.14«U 
.4769 


i3 

s 


1 .  '>5 
3.41 
2.20 
3.28 


.2S.V2    2.«U 


The  average  of  the  different  forms  of  nitrogen  is  as  follows  : 


Free  Ammonia.       Albuminoid  Ammonia.  Nitrates.  Nitrites. 

0.0004        0.0019       0.2808     0.0010 


Total  KltroKeii. 
0.2«/)2 


The  average  of  the  same  for  our  unpolluted  ground  waters  was  :  — 


Free  Ammonia. 
0.0001 


Albuminoid  Ammonia.         Nitrates. 

0.0013  0.0199 


Nitrites. 
0.00<JO 


Total  Nitrogen. 
0.0211 


The  total  nitrogen  being  fourteen  times  that  of  our  unpolluted 
waters,  shows  that  this  group  has  at  some  time  been  in  contact 
with  organic  matter  in  large  amount ;  but  this  being  nearly  all  in 
the  form  of  nitrates,  and  the  ammonias  being  so  slightly  in  excess 
of  those  of  unpolluted  waters,  we  see  that  filtration  has  removed 
nearly  every  vestige  of  the  former  organic  matter;  that  is,  has 
bunied  it  all  up,  and  left  only  mineral  nitrates. 

This  is  i)ai1:ieularly  the  case  wnth  the  sources  of  Cohasset,  Revere 
and  Maiden,  where  the  free  ammonias  have,  nearly  all  of  the  time, 
been  zero;  but  with  the  Swampscott  wells  there  has  not  been  this 
pennanence  of  purification.  On  one  occasion  the  free  ammonia 
increased  to  0.0202  parts,  indicating  too  free  communication  with  the 
foul  water  of  Stacy's  Brook  that  flows  near,  or  with  sewage  from 
the  surrounding  habitations.  Since  that  occasion,  which  was  in 
October,  1887,  there  has  been  one  occasion  when  the  free  ammonia 
was  found  to  be  0.0038,  and  the  albuminoid  ammonia  0.0108  parts, 
with  much  lower  nitrates  than  usual,  indicating  imperfect  purification 
and  danger  in  this  source. 
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The  relation  between  the  chemical  composition  of  a  water  and  its 
healthfulness  as  a  drinking  water  is  one  concerning  which  we  must 
speak  with  much  reserve,  since,  in  the  first  place,  the  cases  are  not 
as  numerous  as  we  could  wish  in  which  we  are  positive  as  to  the 
causal  connectiim  between  drinking  waters  and  disease ;  and,  sec- 
ondly, because  in  many  of  the  recorded  cases  in  which  such  a 
connection  seems  to  have  been  made  out  the  chemical,  analysis  of  the 
water  is  wanting.  The  organic  matter  found  in  the  surface  waters 
of  this  State,  which  are  unpolluted  by  sewage,  is  generally  of  so 
permanent  character  that  it  may  be  regarded  as  not  detrimental  to 
health,  and,  until  we  have  more  complete  knowledge  of  this  subject, 
it  seems  reasonable  to  assume  that,  when,  by  the  increase  in  chlorine, 
it  becomes  evident  that  sewage  has  been  added  to  a  surface  water, 
the  increase  in  the  amount  of  organic  matter,  due  to  the  sewage, 
may  be  taken  as  indicating  its  probable  harmfulness. 

In  unpolluted  ground  waters  the  amount  of  organic  impurity  is  so 
small  that  it  may  be  disregarded ;  and,  of  any  ground  water  shown 
by  an  excess  of  chlorine  to  have  been  polluted  by  sewage,  we  may 
assume  that  the  harmfulness  of  the  water  is  in  direct  proportion  to 
its  organic  impurity,  and  that  danger  from  its  use  decreases  in  pro- 
portion as  its  purification  progresses.  Whether  the  organic  mattei 
or  the  products  of  its  decomposition  are  to  be  regarded,  in  them- 
selves, as  the  cause  of  disease,  or  whether  harmfuUgerms  are  to  be 
credited  with  the  evil  eflects  of  the  water,  the  assumption  apj)lies 
equally  w^ell,  since  the  conditions  involved  in  the  complete  purifica- 
tion of  the  water  are  those  which  are  inimical  to  the  life  of  the 
micro-organisms. 
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QUALITY  OF  PUBLIC  AYATER  SUPPLIES. 


The  largo  number  of  instances  in  which  public  water  supplies 
have  been  alFected  by  bad  tastes  and  odors  point  either  to  a  lack  of 
infonnation  on  the  part  of  those  charged  with  the  selection  of  the 
sources  of  the  water  and  the  construction  and  maintenance  of  works 
with  regard  to  the  causes  of  these  troubles,  or  to  some  difficulty  in 
obtaining  a  satisfactory  supply  at  a  reasonable  cost,  inherent  in 
the  situation  of  the  municipalities  supplied.  An  examination  of 
specific  cases  where  troubles  have  commonly  occurred,  shows  that 
the  former  cause  is  responsible  for  the  difficulties  in  a  majority  of 
instances.  This  result  is  not  surprising,  when  we  consider  that 
the  water  sup))lies  are  very  varied  in  character,  and  in  ditterent 
situations  are  subject  to  trouble  from  different  causes ;  also,  that 
there  has  been  a  lack  of  systematic  and  continuous  observations 
and  of  a  means  of  diffusing  information.  As  a  consequence,  works 
which  have  furnished  unsatisfactory  water  in  one  place  have  been 
duplicated  in  another,  so  that  water  supplies  which  are  unsatisfac- 
tory from  similar  causes  are  found  in  different  parts  of  the  State. 

The  investigations  of  the  State  Board  of  Health,  up  to  the  present 
time,  do  not,  by  any  means,  solve  all  of  the  problems  regarding  the 
selection  of  water  supplies  and  the  maintenance  of  the  water  in  a 
palatable  condition  ;  but  they  do  solve  some  of  them,  and  throw 
light  on  others.  It  is  the  purpose  of  this  portion  of  the  report  to 
present  results  which  have  especial  reference  to  these  subjects. 

THE  EFFECT   OF    STORAGE. 

In  a  few  instances  it  has  been  found  practicable  to  obtain  a  sup- 
ply of  surface  water  from  a  stream  which,  at  all  seasons  of  the  year, 
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will  furnish  the  required  quantity  of  water  without  resorting  to 
storage ;  but  in  a  great  majority  of  eases,  it  is  necessary  to  obtain 
a  supply  from  water  stored  in  a  pond,  or  to  construct  a  storage 
reservoir  which  will  supply  any  deficiency  in  the  natural  flow  of  the 
stream  during  dry  seasons.  Even  where  a  supply  is  t^iken  directly 
from  a  stream,  or  drawn  from  the  ground,  it  is  generally  found  best 
to  provide  a  distributing  reservoir  or  tank,  in  which  some  water  can 
be  stored  for  emergencies,  and  thus  obviate  the  necessity  of  contin- 
uous pumi)ing.  The  effect  of  storage  under  various  conditions  is, 
therefore,  a  matter  of  much  importance.  Water  is  stored  under  a 
great  variety  of  circumstances,  and  the  source  and  character  of  the 
water  have  an  important  bearing  upon  the  effect  of  this  storage. 
This  is  i)articularly  noticeable  where  ground  waters  are  stored  in 
open  distributing  reservoirs. 

The  effect  of  storage  can  be  ascertained  both  by  chemical  and  by 
microscopical  examinations.  In  chemical  analysis  it  is  best  indi- 
cated by  the  changes  which  occur  in  the  nitrogen  compounds,  par- 
ticularly the  albuminoid  ammonia  which  represents  the  organic,  and 
the  nitrates  which  represent  the  bulk  of  the  inorganic,  nitrogen. 
For  instance,  a  rise  in  albuminoid  ammonia  and  a  reduction  in  the 
amount  of  nitrates  due  to  storage,  are  occasioned  by  an  increase  of 
organic  matter  which  is  often  accompanied  by  bad  tastes  and  odt)rs. 
Microscopical  examinations  of  the  water  before  and  after  storage 
indicate  the  chan<?cs  in  the  number  and  kind  of  organisms. 

The  conditions  of  storage  arc  so  varied,  and  the  results  depend 
so  much  upon  the  character  of  the  water,  that  the  different  classes 
will  be  considered  separately. 


Storage  of  Surface  and  Ground  Waters  ix  DisTRinuTixa 

Reservoirs  and  Tanks.* 

Surface  Waters  Stored  in  Open  Distributing  Reservoirs, 

Analyses  have  been  made  of  samples  of  water  taken  simultane- 
ously from  ponds  or  storage  reservoirs,  and  from  the  correspond- 


•  For  the  pnrpoHOH  of  this  dlKcuwHion,  cliHtribtiting  rcsorvoinB  arc  aBsamed  to  inclmie  only  such  as  arc- 
excavHtoil  in  tho  urounil  and  lined  with  eurth,  Htone  or  luaKOury.  They  are  generally  quite  large  in  area, 
and  contain  from  rtfti-en  to  twenty  feet  in  depth  of  water.  Tanks,  on  the  other  hand,  are  structures  of 
Iron  built  above  ground,  varying  greatly  In  the  ratio  of  diameter  to  depth  of  water,  some  having  a  d.- 
amcter  in  excewK  of  the  depth,  so  that,  if  not  covered,  tlie  water  is  freely  exposed  to  the  light;  while  in 
other  canes  the  depth  of  water  is  very  great  in  proportion  to  the  height,  and, even  if  open  at  the  top,  the 
amount  of  light  which  can  reach  the  water,  particularly  the  bottom  layers,  is  much  restricted. 
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ing  distributing  reservoirs.  The  reservoirs  selected  for  comparison 
are  at  Marlborough,  Gardner,  Danvers,  Salem,  Norwood  and  Boston  ; 
the  comparison  at  the  latter  place  being  made  between  the  waters 
of  the  Chestnut  Ilill  and  Fisher  Hill  reservoirs.  The  observations 
were  continued  for  a  year,  but  the  nitrites  were  determined  for  onl y 
a  portion  of  the  time.  The  mean  result  of  all  observations  is  indi- 
cated by  the  following  comparison  :  — 


Comparison  of  Analyses  of  Waicrs  in  Six  Ponds  and  Storage  Reservoirs  with  the 
Same  Waters  after  being  Pumped  and  Held  in  Open  Distributing  Reservoirs, 


Puiids  Open 

or  Storage     Diatribatint; 
Kescrvoin.     Ueservolrs. 


Color, 0.20 

Total  re»idue  on  evaporation, 3.94 

Free  ammonia, .0023 

Albuminoid  ammonia, .0178 


Nitrogen  oa  nitrates. 
Nitrogen  as  nitrites. 


.0077 
.0001 


Chlorine .41 


0.20 

3.05 
.0019 
.0187 
.0077 
.0001 
.42 


There  is  no  reason  to  expect  any  change  in  the  total  residue  or 
chlorine,  and  this  is  practically  the  result  of  the  comparison,  the 
difference  being  no  greater  than  may  be  attributed  to  errors  of  obser- 
vation. The  color  might  be  expected  to  diminish  somewhat,  owing 
to  the  bleaching  action  of  the  sun ;  but  the  comparison  shows  the 
same  dei)tli  of  color  in  both  places.  Even  in  the  nitrogen  com- 
pounds, where  we  would  naturally  look  for  the  greatest  changes, 
we  find  that  the  nitrates  and  nitrites  show  no  change  whatever,  and 
the  ammonias  show  but  little. 

To  ascertain  whether  changes  of  greater  significance  occurred  at 
any  particular  season  of  the  year,  the  following  table  has  been 
prepared,  which  shows  the  changes  by  months :  — 
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Average  Analyses  of  W/Uer  of  Six  Ponds  and  Storage  Retervoira  before  and  ^cr 
being  pumped  and  held  in  Open  Distribuling  Reservoirs, —  6y  Months. 
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The  above  table  shows  a  noticeable  increase  in  the  albuminoid 
ammonia  during  the  warmer  months;  but,  on  the  whole,  it  may  )>e 
said  that  the  changca  produced  by  pumping  the  waters  of  these  ponds 
or  storage  reservoirs,  and  liolding  them  for  a  short  time  in  open 
distributing  reservoirs,  are  very  small  and  of  little  practical  signili- 
cance.  This  is  a  result  which  mi<;ht  l>e  antiei)»ited  whore  water 
l>eforo  being  pnmped  has  already  been  subject  to  such  change  aa 
storage  in  the  open  air  would  produce. 

The  foregoing  comparisons  were  made  with  watera  pumped  from 
ponds  and  storage  reservoirs,  and  only  those  cases  were  selected  in 
which  there  was  nothing  to  affect  the  results  except  the  pumping 
and  subsequent  storage  of  the  water.  Observations  have  been  made 
in  five  other  instances  in  which  some  unusual  features  werc  present, 
so  that  these  cases  need  to  be  considered  individually.  The  condi- 
tions at  the  different  places  are  as  follows  :  — 
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Lawrence,  -n-  The  supply  is  taken  mainly  from  the  Merrimack 
River,  but  a  small  quantity  of  water  is  also  obtained  from  a  filter- 
gallery.  The  waters  from  both  of  these  sources  mingle  in  the  pump- 
well,  and  are  forced  thence  to  the  reservoir.  The  samples  were 
taken  from  the  force  main  just  beyond  the  pumps  and  from  the  out- 
let of  the  reservoir.  The  water,  as  it  enters  the  reservoir,  is  aerated 
by  falling  over  some  granite  steps.  The  river  receives  directly  the 
sewage  of  Lowell,  nine  miles  above  Lawrence ;  also  of  other  places, 
as  described  on  pp.  173,  174  and  440-444,  of  this  volume. 

Lowell.  —  The  situation  at  this  place  corresponds  closely  to  that 
at  Lawrence.  The  proportion  of  water  coming  from  the  filter-gal- 
lery is  larger,  and  the  river  is  less  affected  by  sewage.  The  samples 
were  collected  from  the  conduit  which  conveys  the  mixed  river  and 
filter-gallery  water  to  the  pumping  station,  and  from  the  outlet  of 
the  reservoir.  The  water  is  aerated  by  falling  from  two  to  six  feet 
over  a  weir  as  it  enters  the  reservoir. 

Ifew  Bedford.  —  The  water  flows  from  the  stomge  reservoir 
through  a  conduit  five  and  five-eighths  miles  long  to  a  receiving  res- 
ervoir, and  thence  is  pumped  to  the  distributing  reservoir.  The 
water  enters  the  latter  by  falling  over  a  weir,  and  is  thereby  aerated. 
The  samples  w^ere  taken  from  the  lower  end  of  the  conduit  and  from 
the  distributing  reservoir  at  the  outlet  gate  house.  The  difference 
between  the  samples  should  therefore  represent  any  change  in  the 
character  of  the  water  due  to  storage  in  two  reservoirs,  pumping 
and  aeration. 

Worcestei\  —  Leicester  Supply.  — The  water  in  this  instance  flows 
by  gravity  fnmi  the  storage  to  the  distributing  reservoir,  and  is 
aerated  as  it  enters  the  latter  ])y  being  discharged  from  the  top  of  a 
vertical  pipe  in  the  middle  of  the  reservoir,  which  projects  twelve 
feet  above  the  water. 

Boston^  —  Mystic  Supply.  —  In  this  instance  the  works,  when 
compared  with  the  six  first  considered,  present  no  unusual  features, 
but  the  character  of  the  water  is  subject  to  so  great  changes  from 
time  to  time  that  the  result  of  a  comparison  may  not  be  trust- 
worthy ;  moreover,  on  account  of  the  large  amount  of  nitrogen  in 
various  forms  found  in  this  water,  greater  changes  may  be  expected 
to  occur  than  in  ordinary  waters. 

The  changes  occurring  at  these  five  places  are  indicated  in  the 
foUowinir  table :  — 
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Table  showing  Average  Atialysea  of  Surface   Water  before  and  after  being 
conveyed  to  and  held  in  Open  JHairibuling  Reaervirir*. 
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TIic  t;ible  shows  that  the  chemical  changes  which  take  place  iit 
Lowell,  Is'ew  Bedford  and  Worcester  are  too  small  to  have  anj- 
special  significauce,  notwithstanding  the  aeration  which  the  water 
receives  at  each  of  these  places. 

At  Lawrence  there  is  a  noticeable  reduction  in  the  nmount  of 
albuminoid  ammonia,  equal  to  seventeen  per  cent,  of  the  amount 
in  the  water  at  the  source.  Corresponding  to  this  there  is  a  slight 
increase  in  t!ie  nitrates.  The  signlticance  of  this  change  l>ecomos 
more  apparent  when  the  average  analysis  of  water  drawn  from  a  tap 
in  the  city  two  miles  from  the  reservoir  and  near  the  further  en<I  of 
the  distributing  system  is  also  included  in  the  comparison. 
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It  will  ))c  observed  from  the  above  that  a  change  similar  to  that 
which  takes  place  in  the  reservoir  occurs  to  a  more  marked  extent 
during  the  passage  of  the  water  through  the  pipes,  so  that,  com- 
paring the  water  drawn  from  the  force  main  with  that  from  the  tap, 
we  find  there  is  a  reduction  of  thirty-three  per  cent,  in  the  albuminoid 
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ammonia,  and  an  increase  of  forty-two  per  cent,  in  the  nitrates.  As 
the  former  represents  the  organic  and  the  latter  the  inorganic  and 
harmless  form  of  nitrogen,  it  will  be  seen  that  a  very  considerable 
purification  takes  place  in  this  instance  after  the  water  leaves  the 
pumps. 

At  Boston,  the  changes  due  to  pumping  and  holding  water  in  the 
College  Hill  Resei-voir  of  the  Mystic  Works  are  somewhat  similar 
to  those  at  Lawrence,  as  the  free  and  albuminoid  ammonias  decrease 
and  the  nitrates  increase.  At  both  of  these  places  where  the  great- 
est purification  takes  place,  the  waters  are  more  afiected  by  sewage 
than  at  any  other  of  the  places  included  in,  the  comparisons.  The 
Merrimack  River  above  Lowell  also  receives  sewage,  so  that  a  cor- 
responding change  might  be  expected  in  the  water  of  that  city ;  but 
the  quantity  of  sewage  is  considerably  less  than  at  Lawrence,  and 
it  enters  the  river  at  more  remote  points,  which  may  possibly 
account  for  the  difference  in  the  effect  of  storage  in  the  two  cases. 
There  is  also  a  difference  in  the  size  of  the  distributing  reservoirs, 
that  at  Lawrence  holding  fifteen  days'  supply,  and  that  at  Lowell 
six  days'  supply. 

Surface  Waters  stored  in  Open  Tanks. 

Only  a  few  comparisons  have  been  made  to  determine  the  effect 
of  storage  of  this  kind,  as  it  seemed  probable  that  the  water  would 
be  affected  to  a  less  extent  in  tanks  than  in  open  reservoirs.  The 
few  examinations  made  indicate  that  the  change,  if  any,  in  the  char- 
acter of  the  water  due  to  such  storage  is  small,  and  that  it  is  bene- 
ficial rather  than  otherwise. 

Ground  Waters  stored  in  Open  Distributing  Reservoirs. 

As  in  the  case  of  surface  supplies,  analyses  have  been  made  of 
waters  collected  simultaneously  from  ground  water  sources  and  from 
the  open  distributing  reservoirs  into  which  the  water  was  pumped. 

Observations  have  been  made  at  twelve  places,  and  of  these 
seven  are  selected  where  the  water  is  pumped  directly  from  a 
dark  ground  water  source  to  an  open  reservoir.  In  six  of  these 
instances  the  examinations  were  continued  for  two  years,  and  in  the 
other  for  one  year.  The  seven  places  selected  are  Brookline, 
Cohasset,  Hyde  Park,  Kingston,  Revere,  Ware  and  Woburn.  The 
average  amount  of  the  nitrogen  compounds  and  the  changes  due  to 
storage  in  an  open  reservoir  are  shown  in  the  following  tables.     In 
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the  first  table  the  watera  are  tabulated  by  towns,  so  aa  to  indicatw 
the  character  of  the  different  waters.     In  the  second  table  the  aver- 
age analyses  of  all  waters  are  tabulated  by  months,  to  show  the 
changes  duo  to  the  season  of  the  year. 

Table  showing  Average  Oomponlion  of  Oround  Walen  before  and  afler  being 

pumped  and  held  in  Open  DistribuHJig  Reservoirs, — 6y  Towns- 
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Grouping  together  the  average  changes  as  given  at  the  bottom  0 
the  table,  wo  have  the  following  :  — 

Free  animoniii, increase,  .0006 

Albaminoid  ammonia iniirease,  .0088 

Nitrogen  as  nilnites decrease,  .0217 

Nitrogen  as  nitrites increase,  .0003 

The  characteristic  changes  are  the  increase  in  albuminoid  ammonia 
fourteen-sevonteenths  of  which  is  nitrogen,  and  the  decrease  ii 
nitrogen  aa  nitrates;  that  is  to  say,  a  part  of  the  inorganic  nitro 
gen  in  the  ground  water  at  its  source  has  beau  appropriated  bj 
living   organisms  in  the   reservoir,  which,  with  products   of  theit 
life   and   decay,    are    indicated   in   an  analysis  by  tlie  albuminoii 
ammonia.     There  is  an  apparent  loss  of  nitrogen  as  nitnites  in  ex- 
cess of  the  increase  of  nitrogen  as  albuminoid  ammonia,  which  ia  fo 
the  most  part  accounted  for  by  the  fact  that  only  about  oue-half  o 
the  organic  nitrogen  in  the  water  is  obtained  by  the  ftlbuminoi< 
ammonia  process.     Some  of  the  organic  nitrogen  ia  also  containec 
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in  plants  which  are  fixed  to  the  bottom  and  sides  of  a  resei'voir,  or 
ia  free  organimus  which  have  died  and  fulleo  to  the  bottom,  bo  that 
it  is  not  represented  in  a  sample  of  water  collected  for  analysis. 

On  account  of  the  uppropriution  of  nitrogen  by  the  organisms,  it 
might  I>e  inferred  that  the  waters  highest  in  nitiiites  would  produce 
the  most  abundant  growths  with  a  corresponding  increase  in  the 
amount  of  albuminoid  ammonia  ;  but  an  examination  of  the  ditlorcnt 
waters  shows  that  this  is  not  the  case.  For  instance,  the  nitrates 
are  highest  at  Ware,  with  a  change  in  albuminoid  ammonia  slightly 
below  the  average  ;  while  at  Cohasset,  where  the  nitrates  are  least, 
the  reverse  is  true.  On  the  whole,  it  may  bo  said  that  the  amount 
of  nitrogen  in  a  ground  water,  within  the  limits  presented  in  tlie 
tabic,  dues  not  determine  the  amount  of  subsequent  change  in  the 
character  of  the  water  when  storetl  in  an  open  reservoir. 


Tabic  shoicinij  Average  Composition  of  Ground  Waters  be/ore  and  after  being 
pumped  and  held  in  Open  Distributing  Bcserityirs,  —  by  Months. 
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In  the  above  clnssification  by  months  it  will  be  noticed  that  the 
iocrease  of  total  albuminoid  ammonia  due  to  storage  is  very  nearly 
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iiniforni  at  all  seasons  of  the  year.  The  nitrates  show  a  large  re- 
duction after  the  first  two  months  of  the  year,  although  the  amount 
is  somewhat  variahle.  The  free  ammonia  shows  a  marked  increase 
during  the  spring  and  summer,  with  scarcely  any  change  during  the 
remainder  of  the  year.  The  nitrites  show  a  slight  increase  in  all  of 
the  wiiriner  months.  The  general  result  of  this  tabulation  la  that 
a  ground  water  stored  in  an  open  reservoir  will  deteriorate  at  all 
seasons  of  the  year. 

Ground  waters  of  the  class  under  consideration  contain  few  if  any 
microscopic  organisms  at  their  source ;  hut,  after  storage  in  an 
open  reservoir,  the  number  is  sometimes  in  excess  of  that  found  in 
any  other  source  of  water  supply. 

The  above  discussion  has  been  confined  to  seven  supplies  out  of 
twelve  of  this  general  class  which  have  been  examined.  Of  the  tiva 
excluded,  only  one  (Wellesley)  shows  results  which  are  in  any 
way  contrary  to  those  furnished  by  the  seven  supplies.  At  this 
place,  according  to  the  analyses  given  in  the  first  part  of  this 
volume,  there  is  an  increase  of  nitrates  due  to  storage.  This 
apparent  exception  to  the  general  rule  is  due  to  the  fact  that  water 
is  pumped  to  the  reservoir  from  two  sources  which  differ  in  tW 
amount  of  nitrates,  and  all  of  the  samples  after  the  first  four  were 
taken  from  the  source  which  contains  the  smaller  amount. 

Ground  Waters  stored  in  Covered  Ueserr.oirs  and   Tanks. 

Observations  to  determine  the  etfect  of  storing  ground  waters  in 

tanks  which  are  covered  to  exclude  the  light  have  been  made  at 

Brookline,  Middleborough  and  North  Attleborough,  and  the  results 

are  indicated  in  the  following  table  :  — 


I  of  Orotind  Waters  before  and  after  being 

I  Covered  Ihiika. 
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The  changes  in  free  and  albuminoid  ammonia  are  so  very  small 
that  they  indicate  definitely  that  ground  waters  when  stored  in 
covered  tanks  are  not  subject  to  any  changes  corresponding  to  those 
which  they  undergo  when  stored  in  open  reservoirs.  The  nitrates 
appear  to  increase  at  North  Attleborough,  but,  as  there  is  no  corre- 
sponding decrease  in  the  other  nitrogenous  constituents,  it  is  diffi- 
cult to  account  for  this  except  by  supposing  some  unknown  condition 
affecting  the  comparision. 

The  only  place  at  which  ground  water  is  pumped  to  a  covered 
distributing  reservoir  is  at  Kingston.  This  reservoir  is  fifty  feet  in 
diameter,  and  has  vertical  walls  of  brick  masonry,  the  depth  of 
water  being  eighteen  feet.  It  was  covered  with  a  roof  in  July, 
1888.  .  Before  this  time  the  quality  of  the  water  was  affected  by 
storage  as  at  other  places,  although  to  a  less  extent.  Since  the 
reservoir  was  covered,  the  water  in  it  is  shown  by  nearly  all  of  the 
analyses  made  to  be  substantially  the  same  as  that  at  the  source. 

Ground   Waters  Stored  in  Open  Tanks. 

Observations  have  been  made  at  Swampscott,  Braintree  and 
Sharon,  where  ground  waters  are  pumped  to  tanks  which  are  open 
at  the  top  ;  also  at  Watertown,  where  the  tank  is  covered  over,  but 
the  light  is  not  wholly  excluded.  The  dimensions  of  the  tanks  are 
as  follows :  — 


Diameter. 


Height 


Swampscott, 
Braintree,     . 
Sharon, 
Watertown,  . 


22.5  feet. 
30  feet. 
20  feet. 
40  feet. 


110  feet. 
100  feet. 

80  feet. 

40  feet. 


The  analyses  indicate  that  the  water  stored  in  these  tanks  does 
not  undergo  any  material  change. 

Notwithstanding  this  result,  it  must  not  be  assumed  that  water 
can  be  stored  in  all  open  iron  tanks  without  deteriorating,  as  the  one 
at  Brookline  before  it  was  covered  gave  as  much  trouble  from  the 
growth  of  organisms  as  the  open  distributing  reservoir.  This 
tank   is   fifty   feet   in   diameter  and   thirty   feet  high,   so   that   it 
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admitted  light  much  more  fi*eely  than  those  above  referred  to. 
Since  it  was  covered  the  water  has  been  uniformly  of  as  good 
quality  as  at  the  source,  as  indicated  by  the  table  on  page  728. 


Special  Experiment  upon  the  Storage  of  Ground  Water  at  Ilyde 

Park. 

The  storage  of  ground  water  in  the  open  distributing  resei'voir  at 
Hyde  Park  caused  such  offensive  tastes  and  odors  that  the  water 
company  /ound  it  necessary  to  apply  a  remedy,  and  for  a  time  in  the 
spring  of  1889  resorted  to  continuous  pumping,  thereby  temporarily 
discontinuing  the  use  of  the  reservoir.  At  this  time  an  experiment 
was  made  as  to  the  effect  of  storing  water  fresh  from  the  pumps  in 
the  open  reservoir  where  light  would  have  free  access  to  it,  and  in 
the  gate-house  where  light  was  wholly  excluded.  As  a  preparation 
for  the  experiment,  the  water  was  drawn  from  the  reservoir  on  two 
successive  weeks,  and  each  time  it  was  cleaned  as  thoroughly  as 
was  practicable  with  a  reservoir  having  a  slope  paving  of  stones  laid 
without  mortar.  The  gate-house  was  also  cleaned,  and  the  valves 
were  arranged  to  isolate  it  from  the  resei-voir  and  from  the  pi[>e 
system.  After  the  gate-house  and  reseiToir  had  been  filled  with 
water,  the  valves  were  closed  and  the  pressure  in  the  pipes  was 
kept  somewhat  less  than  that  in  the  gate-house,  so  as  to  prevent 
leakage  from  the  former  into  the  latter.  The  water  in  the  gate- 
house lowered  somewhat  from  day  to  day,  indicating  outward 
leakage ;  but,  owing  to  this  lowering,  some  water  may  also  have 
leaked  into  tlie  gate-house  from  the  reservoir.  Pumping  into  the 
reservoir  began  May  16,  1889,  and  ended  May  22,  when  the  reser- 
voir was  full.  The  first  samples  were  collected  May  24.  The 
water  was  drawn  out  of  the  gate-house  May  29,  in  order  to  stop  a 
leak,  and  was  replaced  with  fresh  water;  and  again  on  July  10, 
when  the  experiment  was  nearly  at  an  end,  about  eight  inches  in 
depth  was  drawn  from  the  reservoir  and  replaced. 

Analyses  of  water  from  the  reservoir  and  gate-house  are  given  in 
the  following  table  :  — 


.• 
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Anahjses  of  ^Va^er  from  (lie  Open  Reservoir  attd  Darkened  Oatc-house  of  the  Hyde 

Park  Water  Company. 

N<»TE.  —  Tho  water  entering  the  rc«ervoir  Is  assumed  to  be  of  the  same  character  as  a  sample  obtained 
at  tho  pumping  station  nine  days  before  the  filling  of  the  reservoir  was  begun. 


Krkb 
Amm«»ma. 

ALBUMISOID  AXXOSflA. 

NiTBOOBX  AS 

• 

u 

1 

i. 

O 

i 

§ 

1 

m 
'J 

orasr  BiSKtvoiB. 

1 

OATB-i 
HonioK.  1 

XITIATB8. 

KITBITKS. 

DATE  — 1889. 

1 
• 

S      Dissolved. 

Ok      1 

a 

s 

tti 

• 

3 

•         • 

1 

• 

1 

• 

8 

1 

> 

» 
••< 
CS 

1 

hi 

i 

% 

6 

Wutor  intering  renervolr,     .0002     .0002 

.0000 

.0016 

.0016  \ 

.0600 

.0600 

.0000 

.0000 

May  24,       . 

.0020  .  .0000 

.OOM 

.0170 

.0224 

.0054 

.0450 

.0600 

.0009 

.0002 

May  29, 

.0018      .0012 

.0082 

.0406 

.0488 

.OOM 

.0040 

.0350 

.0005 

.0002 

June  3, 

.0000 

.0022 

.0086 

.0248 

.0334 

.0052 

.0040 

.0500 

.0001 

.0003 

June  0, 

.0000  !  .0018 

1 

.OOSO 

.0128 

.0208 

.0054 

.0000 

.0600 

.0000 

.0003 

June  12, 

.0014  1  .0028 

.0102 

.0064 

.0106 

.0048  . 

.0000 

- 

.0000 

.0004 

June  20, 

.0000 

.0000 

,  .0082 

1 

.0062 

.0134 

.0044 

.0020 

.0690 

.0000 

.0012 

June  20, 

.0000 

.0010 

.0128 

.0060 

.0188 

.0056 

.0030 

.0800 

.0000 

.0006 

July  12,       . 

1 

.0038 

.0000 

.0138 

.0020 

.0158 

.0052 

.0020 

.0550 

.0000 

.0000 

July  is, 

.0046 

.0002 

.0178 

.0042 

.0220 

.0058 

.0050 

.0650 

.0002 

.0001 

July  24. 

.0036 

.0002 

'  .0152 

.0040 

.0102 

.0040 

.0030 

.0430 

.0001 

.0000 

Average, 

;  .0017      .0011 

.0103 

1 

.0123 

.0231 

.0052 

'  .0068 

.0573 

1 

.0002 

.0003 

The  experiment  was  practically  successful,  as  the  water  in  the 
reservoir  soon  became  a  bright  green,  owing  to  the  growth  of 
immense  numbers  of  the  alga  ScenedesmuSj  while  tho  water  in  the 
gate-house  apparently  remained  unchanged.  The  chemical  and 
microscopical  examinations  showed,  however,  that  the  water  in  the 
gate-house  had  changed  somewhat,  which  was  probably  due  to 
leakage  and  the  unsatisfiictory  character  of  the  place  for  conducting 
an  experiment  of  this  kind.  The  results  in  the  open  reservoir  are 
particularly  instructive  with  regard  to  the  changes  which  may  take 
place  in  a  ground  water  when  it  is  exposed  to  the  light.  To  exhibit 
these  more  clearly,  the  accompanying  diagram  has  been  prepared  :  — 
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Diagram  showing  the  amounls  of  Dissolved  and  Suspended  Albuminoid  Ammonia 
and  NUraCcs  in  the  Open  Sescrvoir  of  the  Bi/de  Park  Water  Co.;  ^ai/ 16  to  July 
24, 1839. 
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The  history  of  the  water  ia  the  reservoir  appears  to  be  as  fol- 
lows :  The  organism:^,  represented  in  the  analysis  by  the  suspended 
albtiniinoid  ammonia,  began  to  grow  as  soon  as  the  water  was  turned 
into  the  reservoir,  and  when  the  first  sample  was  tuken,  two  days 
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after  the  filling  of  the  reservoir  was  completed,  they  were  present 
in  great  numbers.  On  May  29  the  water  contained  the  maxinmra 
amount  of  suspended  organisms,  which  by  their  growth  had  used  up 
practically  all  of  the  nitrogen  in  the  inorganic  form  of  nitrates 
originally  contained  in  the  water.  From  this  time  the  number 
of  organisms  in  the  water  decreased,  probably  by  their  sinking  to 
the  bottom  and  slopes  of  the  reservoir.  The  albuminoid  ammonia 
in  solution,  which  in  this  case  is  either  dissolved  from  or  excreted 
by  the  organisms,  showed  a  large  increase  from  the  beginning  of  the 
experiment  to  its  end. 

The  microscopical  examinations  confirmed  the  results  obtained  by 
chemical  analysis. 

Taking  the  experiment  as  a  whole,  it  is  an  excellent  illustration 
of  the  rapidity  with  which  organisms  may  develop  in  gi'ound  water 
containing  suitable  mineral  food.  Similar  results  have  been  ob- 
tained by  Mr.  F.  F.  Forbes,*  from  microscopical  examinations  of 
the  water  of  the  open  distributing  reservoirs  at  Brooklino  and 
Newton,  subsequent  to  their  being  filled  with  fresh  water. 

It  has  sometimes  been  suggested  that  these  growths  in  ground 
water  reservoirs  were  due  to  insufficient  circulation  ;  that  is,  to  not 
changing  the  water  in  the  reservoir  often  enough.  The  foregoing 
experiment  indicates  that  the  algaj  grow  so  rapidly  when  supplied 
with  fresh  water  that  it  would  be  impracticable  to  change  it  often 
enough  to  prevent  their  growth.  A  practical  experiment  to  test  the 
value  of  such  circulation  was  made  at  Brookline,  and  the  results  are 
stated  by  ]Mr.  Forbes  in  the  paper  above  alluded  to,  as  follows  :  — 

*'  As  additional  proof  of  the  statement  I  have  just  made,  I  will 
relate  a  little  experience  we  had  in  the  Brookline  reservoir  several 
years  ago.  Everybody  said  that  circulation  was  what  we  needed 
to  keep  the  water  free  from  algie,  and  one  time,  after  the  reservoir 
had  been  carefully  cleaned,  this  view  of  the  case  was  given  a 
thorough  trial.  It  was  in  summer,  when  our  daily  consumption  was 
about  a  million  gallons.  All  the  water,  nearly,  was  pumped  into 
one  end  of  the  reservoir,  and  made  to  pass  through  it.  The  amount 
of  water  in  the  reservoir  during  this  trial  was  not  much  in  excess 
of  the  daily  consumption ;  in  other  words,  nearly  as  much  water 
was  pumped  into  the  reservoir  each  day,  and  drawn  from  it,  as  the 

•  "  A  study  of  Algrc  Growths  in  Rcservoira  and  Ponds,"  by  F.  F.  Forbes,  Superintendent 
of  Water  Works,  Brookline,  Mass.  Journal  of  the  New  England  Water  Works  Association, 
June,  1890. 
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reservoir  contaiDed,  yet  the  nlgse  came  in  aboat  the  same  length  of 
time,  and  were  fully  as  abundant.  In  consequence  of  this,  the  cod-^ 
sumer  received  no  water  which  was  not  laden  with  algre  ;  whereas^] 
if  the  water  had  been  pumped  directly  into  the  distribution,  anAj 
only  the  surplus  reached  tbe  reservoir,  the  water  would  have  beeoi 
good  aa  long  as  pumping  continued." 

In  the  foregoing  compariaona  and  eiqieriment,  showing  the  effect 
of  the  storage  of  surface  and  ground  waters  in  distributing  reaervoirs 
and  tanks,  we  tind  that  surface  waters  may  be  so  stored  without 
deteriorating  in  quality;  and  at  one  place  (Lawrence)  there  U  a 
marked  improvement  in  the  quality  of  the  water,  owing  to  the 
storage  and  subsequent  passage  through  pipes  to  the  consuaaera. 
The  State  does  not  contain  any  good  examples  of  surface  waters 
stored  in  covered  reservoirs;  but  it  seems  probable  that,  under 
such  conditions,  water  containing  many  algre  might  become  worse 
owing  to  their  death  when  deprived  of  light. 

With  ground  waters  the  case  is  entirely  different,  as  the  water  at 
the  source  is  free  from  organisms,  and  it  only  needs  to  be  kept  so 
in  order  to  Iw  delivered  to  the  consumer  in  satisfactory  condition. 
The  comparisons  show  that  the  ground  water  does  not  deteriorate 
when  the  light  is  excluded  ;*  Init  that  it  does  when  exposed  to  the 
light,  except  in  some  instances  where  the  water  is  stored  in  iron 
tanks  which  receive  only  a  limited  amount  of  light.  It  8eenu 
hardly  safe,  however,  in  view  of  the  unfavorable  effect  of  storing 
ground  water  in  the  high-aervice  tank  at  Erookline,  to  rely  upon 
these  apparent  exceptions  to  the  rule ;  and  it  is  better  in  all  cases 
to  keep  a  ground  water  in  the  dark. 

Storage  of  Surface  Waters  i\  Laiige  Stohage  Reservoirs  ob, 
Ponhs. 
As  has  been  stated  previously,  it  ia  almost  always  necessary,  in 
order  to  obtain  a  surface  water  supply,  to  take  the  water  which  ia 
stored  in  a  natural  pond,  or,  where  such  a  source  cannot  be  obtained, 
to  build  an  artificial  storage  reservoir,  to  pi'event  a  deficiency  in  tbe 
supply  in  dry 


1889.]  WATER  SUPPLY  AND  SEWERAGE.  735 

The  most  obvious  difference  in  these  two  kinds  of  storage  is  in 
the  character  of  the  basin.  In  a  pond,  unless  the  level  has  been 
changed,  the  existing  conditions  have  prevailed  so  long  that,  even  if 
the  bottom  is  muddy,  they  may  be  expected  to  affect  the  water  much 
less  than  vegetable  deposits  which  have  been  flooded  in  reservoirs 
within  a  comparatively  recent  period.  There  are  also  other  differ- 
ences between  ponds  and  reservoirs.  The  former  are  generally 
deeper  and  situated  nearer  the  head  waters  of  streams,  so  that  they 
store  the  water  for  a  much  longer  time.  It  is  not  uncommon  for 
ponds  to  have  a  capacity  equal  to  the  yield  of  their  watersheds  for 
one,  two  or  even  three  years.  A  pond  having  a  small  watershed, 
particularly  if  the  region  is  gravelly  or  sandy,  may  receive  nearly 
all  of  its  water  by  filtration,  and  that  which  finds  access  to  the  pond 
from  the  surface  will  be  free  from  contamination  by  swamps.  A 
reservoir,  on  the  contrary,  is  generally  fed  mainly  by  the  stream 
upon  which  it  is  built,  which  in  turn  may  derive  a  part  of  its 
supply  from  swamps. 

It  may  therefore  be  said  in  a  general  way  of  natural  ponds,  as 
compared  with  storage  reservoirs,  that  they  are  deeper,  and  receive 
more  ground  water  and  colorless  surface  water,  and  that  the  water 
in  them  is  replaced  less  frequently ;  also  that  they  do  not  contain  in 
their  bottoms  recently  flooded  deposits  of  vegetable  matter. 

There  are  of  course  exceptions  to  these  rules,  as  some  ponds  are 
very  shallow,  and  others  have  been  raised,  thereby  covering  large 
areas  of  swamp  and  meadow  ;  while,  on  the  other  hand,  some  artificial 
reservoirs  have  been  prepared  by  removing  all  vegetable  matter 
from  them,  so  that  .in  some  respects  they  are  better  than  ponds. 

The  storage  of  water  in  ponds  and  reservoirs  has  frequently 
favored  the  growth  of  algae  and  other  organisms  which  affect  the 
taste  and  odor  of  water ;  but  it  has,  on  the  other  hand,  been  gener- 
ally thought  to  decrease  the  color  of  the  water  by  the  bleaching 
action  of  the  sun,  and  also  to  improve  the  water  by  sedimentation. 

The  various  effects  of  storage  under  different  conditions,  so  far  as 
they  are  indicated  by  the  examinations  made,  will  be  given  in  detail. 


Tlie  Effect  of  Storage  upon  Color, 

Observations  have  been  made  of  the  color  of  water  taken  from 
the  principal  streams  entering  several  reservoirs  and  ponds,  and  of 
the  water  at  their  outlets. 
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A  direct  comparisoa  of  the  colors  obtained  at  these  two  plat 
showa  not  only  the  etfect  of  storage,  but  also  the  effe(;t  of  dilution 
by  water,  generally  having  leas  color,  which  enters  the  resei-voir 
from  the  surrounding  teiTitory  or  from  the  ground.  Where  a  ve 
large  proportion  of  the  water  enters  the  reservoir  iit  the  main  inletj 
the  effect  of  dilution  is  of  little  account.  In  other  cases  it  ia  muol 
more  important. 

No  special  examinations  have  been  made  to  ascertain  the  color  ol 
the  water  from  those  secondary  sources  ;  but,  as  it  can  be  inferred 
from  the  nature  of  the  surroundings,  it  is  thought  best  in  presents 
ing  tfie  results  to  correct  the  color  of  the  water  at  the  inlet, 
to  represent  more  accurately  the  average  color  of  the  whole  of  thoi 
water  entering  tbo  reservoir.  It  is  not  chiiraod  that  this  correctioH 
is  iin  accurate  one,  but  tliat  it  is  better  than  none  at  all.  In  mod 
of  the  cases  the  general  result  is  the  same  whether  the  correction  u 
applied  or  not. 

The  following  table  gives  the  average  color  of  waters  taken  at  th« 
inlet  and  outlet  of  five  reservoirs  ;  also  tbo  percentage  of  the  whola 
drainage  area  which  is  situated  above  the  main  inlet,  and  the  capac- 
ity of  the  reservoir  as  compared  with  the  amount  of  water  flowii^ 
annually  from  the  watershed  :  — 

Thble  afioiving  the  Effect  of  Long  Storage  upon  the  Color  of  Waler. 


Bc^u  India 


The  above  table  shows  in  every  case  a  decrease  in  the  amount  0 
color,  which,  however,  is  extremely  small  in  Resei-voirs  2  and  3. 
By  referring  to  the  third  column,  it  will  be  seen  that  these  roservoin 
are  very  email  in  comparison  with  the  amount  of  water  entering 
them,  so  that  on  an  average  the  water  remains  in  them  only  about 
a  month.     In  the  dry  season  it  may  I'emain  two  or  three  months. 
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This  length  of  time  is  thus  shown  to  be  too  short  to  cause  any 
marked  change  in  the  color  of  the  water. 

In  Lake  Cochituate  and  Reservoir  4,  the  average  length  of 
storage  is  eight  months ;  and  in  these  cases  there  is  a  very  decided 
reduction  of  color,  amounting  to  57  per  cent,  in  the  lake  and  43 
per  cent,  in  the  reservoir.  At  Brockton  the  reduction  in  color  is 
greater  than  in  any  other  case,  notwithstanding  the  fact  that  the 
average  length  of  storage  is  somewhat  less  than  one-half  of  that  in 
the  two  cases  last  mentioned.  This  may  be  due  to  the  fact  that  the 
observations  at  Brockton  extended  over  only  four  months  in  the 
spring  and  summer,  which  is  hardly  a  sufficient  time  for  a  fair  com- 
parison ;  or  it  may  possibly  bo  accounted  foi*  by  the  fact  that  this 
reservoir  has  much  less  depth  than  the  others,  so  that  it  has  a  greater 
relative  surface,  and  that  it  contains  in  summer  more  organisms 
which  may  assist  in  destroying  the  color.  In  addition  to  the  cases 
recorded  in  the  table,  occasional  observations  have  been  made  at 
the  Ludlow  Reservoir,  Springfield,  which  give  indications  similar 
to  the  a])()ve.  The  average  color  of  the  feeders  of  this  reservoir,  as 
deduced  from  seven  observations,  is  .61,  while  the  average  color  of 
the  water  in  the  reservoir  is  .15. 

Two  excellent  opportunities  to  determine  the  effect  of  storage 
upon  color  were  afforded  when  the  Parker  Hill  Distributing  Reser- 
voir of  the  Boston  Water  Works  was  temporarily  shut  off  from  the 
rest  of  the  system,  and  no  water  passed  into  or  out  of  it.  It  was 
first  shut  off  Dec.  3,  1887,  when  the  water  in  it  had  a  color  of  0.4. 
On  April  2,  1888,  the  color  was  0.35,  or  only  a  little  lower  than 
four  months  before  ;  but  on  the  eighteenth  of  June,  1888,  the  color 
had  diminished  to  0.1.  The  reservoir  was  next  shut  off  Jan.  9, 
1889.  No  direct  observation  of  the  color  of  the  water  was  made 
at  this  time  ;  but,  from  examinations  of  the  source  from  which  it 
is  supplied,  its  color  is  known  to  have  been  0.45.  On  June  4  of  the 
same  year,  the  color  was  only  0.05,  and  two  months  later  the  water 
was  colorless. 

In  a  large  lake,  during  the  summer  when  little  water  enters  it, 
and  a  change  in  color  cannot  be  attributed  to  dilution,  a  reduction 
of  color  occurs  similar  to  that  at  the  Parker  Hill  Reservoir.  A  good 
example  of  this  is  furnished  by  Lake  Cochituate,  as  will  be  seen  by 
the  following  table  :  — 
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Table  showing  Change  in  Color  of  Water  in  Lake  Cochiluatc  during  the 

Summer  Months, 


June  1, 
July  1,      . 
AugtiBt  1, 
September  1, 
October  1, 


1SS7. 


0.30 
0.90 
0.80 
0.16 
0.10 


IMS. 


0.35 
0.10 
0.10 
0.05 
0.05 


1SS9. 


0.15 
0.30 
0.10 
0.20 
O.SO 


i«»e. 


0.20 
O.IU 
0.03 
O.IO 
0.05 


In  every  year  except  1889  there  is  a  marked  reduction  in  the 
color  during  the  summer.  The  exception  in  this  year  appears  to  l)e 
due  to  the  extremely  high  rainfall. 

It  is  probably  owing  to  this  bleaching  action,  as  well  as  to  the 
infiltration  of  ground  water,  that  lakes  and  ponds  which  are  large 
in  proportion  to  their  watersheds  have  generally  a  low  color. 

The  general  conclusion  reached  from  the  above  comparisons  is 
that  the  color  of  water  exposed  to  the  sun  in  open  reservoirs  is 
reduced  by  storage ;  but  that  it  must  be  stored  for  several  months 
to  cause  any  material  reduction  of  color,  and  from  six  months  to  a 
year  to  remove  practically  all  of  it. 


T/ie  Effect  of  Storage  upon  the  Chemical  Character  of  a  Water. 

Changes  in  the  chemical  character  of  a  water,  due  to  storage, 
may  bo  observed  in  the  same  way  as  the  change  in  color;  that  is, 
by  the  comparison  of  analyses  of  water  taken  at  the  main  inlet  and 
at  the  outlet  of  a  pond  or  reservoir.  The  chemical  determinations 
which  have  the  greatest  interest  are  the  nitrogen  compounds ; 
namely,  the  free  and  albuminoid  ammonia,  and  the  nitrates  and 
nitrites.  The  albuminoid  ammonia  is  determined  before  and  after 
filtration  through  filter  paper,  and  the  difference  between  these 
determinations  represents  the  albuminoid  ammonia  from  the  sus- 
pended particles,  which  are  for  the  most  part  algte  and  other  minute 
organisms.  The  following  table  shows  comparative  average  analyses 
at  four  places  :  — 


1889.]  WATER  SUPPLY  AND  SEWERAGE. 


Table  showing  Effect  of  Long  Storage  upon  the  Nitrogen  Compounds  in  Wall 
[Psiu  per  iDfttmo  ] 
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Before  discussing  the  table,  it  is  well  to  state  that  direct  averages 
of  monthly  observations,  as  given  above,  may  l)e  misleading  if  the 
amount  of  any  constituent  varies  much  at  different  seasons  of  the 
year;  because,  in  the  average,  cfjual  weight  is  given  to  the  high 
flow,  which  may  in  a  month  displace  all  of  the  water  in  a  reservoir, 
and  to  the  low  liow,  which  may  merely  mix  with  that  already  in  the 
reservoir  without  displacing  much  of  it.  In  the  present  case,  an 
examination  of  the  monthly  observations  indicates  that  the  results 
are  not  misleading  except  in  the  case  of  the  dissolved  albuminoid 
ammonia,  which  shows  a  greater  reduction  than  should  be  ascrilwtd 
to  the  effect  of  storage.  This  is  the  case  particularly  at  Brockton, 
where  the  observations  extended  over  only  four  mouths. 

Tlic  tabic  indicates  that  no  significant  changes  take  place  in  the 
amount  of  free  ammonia  and  nitrites ;  hut  that  there  is  a  reduction 
of  about  one-sixth  in  the  amount  of  nitrates,  and  a  decided  increase 
in  the  amount  of  suspended  albuminoid  ammonia.  The  last-named 
change  corresponds  to  the  well-known  fact  that  organisms  are  more 
abundant  in  reservoirs  than  in  streams. 

Although  the  ta))lc  indicates  that  in  these  instances  the  nitrogen 
compounds  in  stored  waters  do  not  undergo  very  radical  changes,  it 
is  known  that  such  changes  do  occur  at  some  places.  As  instances, 
Jamaica  Pond  and  the  Ludlow  Reservoir  (which  will  lie  refened  to 
subsequently)  may  be  mentioned. 

Storage  in  a  large  reservoir  may  have  a  salutary  effect  by  ming- 
ling the  different  kinds  of  water  which  enter  it ;  for  instance,  the 
bulk  of  the  water  in  a  reservoir  may  be  that  which  has  entered  it 
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during  the  apring  freshets  when  the  water  is  in  its  purest  state  ;  and 
this  water  may  dilute  the  much  more  ewampy  or  polluted  water 
which  enters  during  a  subsequent  season  of  low  flow,  so  that  the  bad 
quality  of  such  w:iter  is  much  less  noticeable  than  it  would  be  if 
furnished  directly  to  the  water  takers. 

The  Effect  of  Storage  ujmn  the  Taste  and  Odor  of  Surface  Waters. 

This  title  is  not  intended  to  refer  to  tlie  usual  taste  and  odor  of 
waters,  hut  rather  to  those  which  at  times  make  water  very  disagree- 
able. These  troubles  have  in  nearly  all  cases  been  traced  to  the 
growth  of  oi^anisms  in  the  water. 

The  existence  of  these  troubles  can  best  lie  determined  from  the 
practical  exiienence  of  those  using  the  water ;  but  they  are  also  indi- 
cated by  the  odors  and  the  amount  of  suspended  organic  nitrogen 
as  determined  by  the  chemist,  and  by  the  abundance  of  microscopic 
growths  as  dotemiined  by  the  biologist. 

Although  streams  are  sometimes  subject  to  certain  disadvantages 
as  sources  of  water  supply,  such  as  the  pollution  due  to  domestic 
and  manufacturing  wastes,  the  turbidity  occasioned  by  rains,  or  the 
peaty  cllaraeter  of  the  water  caused  by  drainage  from  swamps,  ifc 
is  well  known  that  they  are  not  iiflected  by  the  peculiar  bad  tastes 
and  odors  to  which  stored  waters  are  subject.  Practically  the  same 
conclusion  is  reached  in  the  report  of  the  biologist  (page  GOU),  who 
finds  much  smaller  numbers  of  organisms  in  streams  than  in  ponds 
and  reservoirs. 

These  facts  are  of  limited  practical  value,  because  water  supplies 
cannot,  in  most  cases,  be  obtained  from  streams  without  storage ;  and 
it  is  therefore  desirable  to  indicate  under  what  conditions  of  storage 
and  with  what  fihai-acter  of  water,  troubles  are  least  likely  to  occur ; 
that  is  to  say,  are  they  less  likely  to  occur  in  natural  ponda  or  in 
artificial  storage  reservoirs,  iu  deep  basins  or  in  shallow  cues,  in 
unpolluted  or  in  polluted  waters,  in  waters  of  high  or  of  low  color, 
or  in  those  which  are  stored  a  long  or  a  short  time?  In  view  of  the 
necessarily  imperfect  record  of  the  occurrence  of  bad  tastes  and  odors, 
and  the  many  causes  which  afi'ect  the  results,  it  would  be  desirable 
to  have  observations  at  a  much  larger  number  of  places  than  this 
State  can  furnish  ;  but  the  observations  which  have  been  made  throw 
considerable  light  upon  the  subject. 

It  has  already  been  mentioned  that  streams  are  not  subject  to 
these  bad  tastes  and  odors.     The  same  is  true  of  nearly  all  of  the 
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8m:ill  reservoirs  which  contain  but  a  few  days'  supply.  These  are 
fre(juently  built  upon  mountain  streams,  and  their  most  important 
office  is  to  act  as  settling  basins  to  catch  the  gravel,  sand  and  debris 
brouglit  down  by  the  stream.  The  effect  of  reservoirs  of  this  kind 
is  wholly  beneficial.  In  a  great  majority  of  cases,  however,  it  is 
necessary  to  provide  storage  equal  to  the  amount  of  water  consumed 
in  a  month  or  more,  and  only  such  reservoirs  as  contain  this  amount 
of  storage  will  be  further  considered. 

Observations  have  been  made  on  7 1  ponds  and  reservoirs  of  this 
class,  nearly  all  of  which  are  sources  of  water  supply.  Of  these, 
45,  or  03  per  cent.,  have  at  some  time  given  trouble  from  bad  tastes 
and  odors ;  but  in  three  instances  the  troubles  have  occurred  in 
reservoirs  which  have  only  recently  been  filled,  and  may  not  recur 
when  tlie  reservoirs  are  older.  In  16  other  cases  the  trouble  has 
not  been  serious,  or  has  occurred  only  at  long  intervals,  leaving 
20,  or  37  per  cent.,  of  the  ponds  and  older  reservoirs  which  have 
given  much  trouble.  In  making  a  distinction  between  supplies 
which  have  given  much  and  little  trouble,  those  in  which  the  aggre- 
gate duration  of  the  bad  tastes  and  odors  has  not  exceeded  one 
month  in  five  vears  are  included  in  the  latter  class. 

In  making  a  further  classification  it  has  been  assumed  that  all 
natural  ponds  should  be  classed  as  ponds,  even  though  they  were 
made  artificial  in  part  by  being  raised ;  while  all  artificial  reservoirs 
are  classed  as  reservoirs,  even  though  they  may  have  existed  as  mill 
ponds  for  a  very  long  time.  Ponds  and  reservoirs  are  assumed  to 
be  polluted  when  the  population  upon  the  drainage  area  is  more  than 
300  to  tlie  s^juare  mile,  and  the  waste  products  from  this  population 
enter  the  pond  or  reservoir  either  directly  or  by  filtration  through 
the  ground.  In  the  latter  case  the  sewage  may  be  wholly  purified 
by  filtration,  yet  the  eflluent  will  contain  nitrates  which  will  promote 
the  growth  of  organisms,  and  may  thereby  cause  bad  tastes  and 
odors.  Where  the  average  depth  is  less  than  i)  feet,  the  pond  or 
reservoir  is  called  shallow;  and  in  two  instances  where  there  is  a 
great  deal  of  very  shallow  flowage,  ponds  having  an  average  depth 
of  10  feet  are  claSs^ed  as  shallow.  Water  having  a  color  of  0.30  or 
more  is  assumed  to  have  a  high  color. 

Using  the  above  arbitrary  divisions,  a  classification  of  the  ponds 
and  resen'oirs,  with  reference  to  the  occurrence  or  non-occurrence 
of  troubles,  has  been  made.  The  three  new  reservoirs  above  re- 
ferred to  have  been  omitted  ;   also  Farm  Pond  and   Chestnut   Hill 
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Reservoir  (both  of  which  have  once  been  seriously  affected),  for  the 
reason  that  the  former  receives  most  of  its  water  from  the  storage 
reservoirs  on  Sudbury  River,  and  the  latter  was  affected  when  it 
received  water  from  Lake  Cochituate  only.     The  results  are  pre- 


sented in  the  following  table  :  — 


A  Classificatio7i  of  Ponds  and  Reservoirs  with  reference  to  Troubles  from    Bad 

Tastes  and  Odors. 


Ponds. 

Keskbvoirs. 

CONDITION'. 

Mnch 
Trouble. 

Littlo 
Trouble. 

Xo 
Trouble. 

Much 
Trouble. 

Little    1       Xo 
Trouble.    Trouble. 

Polluted. 

1 

1 

1 

Shallow  and  high  color,    . 

Shallow  and  low  color, 

Deep  and  high  color. 

Deep  and  low  color,  . 

Totul  polluted,    .        .  / 

Unpolluted. 
Shallow  aud  high  color,    . 

Shallow  and  low  color. 

Deep  and  high  color, 

Deep  and  low  color,  . 

Total  unpolluled, 

Total  polluted  nnd  unpolluted. 


1 

3 
4 


1 
2 
4 


1 

_ 

1 

- 

- 

1 

1 

10 

- 

1 

2 

1 

16 

3 

19 

15 

1,    1 

16 

2 

1     * 

o 

1 

4 

1         ' 

The  above  table  shows  that,  out  of  a  total  of  38  ponds,  8,  or  21 
per  cent.,  have  given  much  trouble  from  bad  tastes  and  odors; 
while,  of  the  28  reservoirs,  16,  or  57  per  cent.,  arc  similarly 
affected. 

In  comi)aring  the  polluted  and  unpolluted  ponds,  the  effect  of 
pollution  is  very  obvious.  All  of  the  polluted  ponds  are  deep ; 
but,  notwithstanding  this  advantage,  all  are  affected  to  some  extent, 
and  half  of  them  give  much  trouble.  Of  the  25  deep  unpolluted 
ponds,  only  1  has  given  much  trouble,  6  have  given  a  little  trouble, 
and  18  no  trouble  whatever.  This  indicates  that  there  is  little 
danger  of  having  serious  trouble  from  bad  tastes  and  odors,  if  a 
water  supply  can  be  taken  from  a  deep  pond  which  is  unpolluted. 
The  shallow  unpolluted  ponds  appear  to  be  subject  to  bad  tastes 
and  odors,  as  3  out  of  a  total  of  5  give  much  trouble,  and  1 «  little 
trouble. 
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Only  2  of  the  reserv^oirs  are  polluted,  but  these  give  the  same 
indication  as  tlie  8  polluted  ponds,  1  giving  much  trouble  and  the 
other  a  little.  Of  the  26  unpolluted  reservoirs,  one-half  are  shal- 
low. Of  these,  11  give  much  trouble  and  2  give  none.  In  nearly 
all  of  these  cases  in  which  trouble  has  occurred,  the  reservoirs  have 
been  constructed  on  new  sites,  and  the  soil  and  vegetable  mat- 
ter have  not  been  removed  from  their  bottoms  and  sides.  In  one 
of  the  cases  where  there  is  no  trouble  the  reservoir  was  used  to 
furnish  power  for  a  mill  before  being  used  as  a  source  of  domestic 
water  supply.  The  conclusion  to  be  drawn  from  this  comparison 
is,  that  a  shallow  reservoir  large  enough  to  hold  a  supply  for  a 
month  or  more  is  (juite  sure  to  give  trouble  if  the  soil  and  vegetable 
matter  are  not  removed  from  it  before  filling.  The  experience  at 
the  present  time  is  too  limited  to  enable  us  to  predict  what  propor- 
tion of  cleaned  or  old  shallow  reservoirs  are  likely  to  give  trouble. 

Of  the  13  deep,  unpolluted  reservoirs,  4  give  much  trouble, 
4  a  little,  and  5  none.  It  is  noticeable  that,  of  the  5  which  give 
no  trouble,  4  have  had  the  soil  and  vegetable  matter  removed  from 
them,  and  1  was  previously  a  storage  reservoir  for  mill  purposes ; 
while,  of  the  8  which  have  given  more  or  less  trouble,  none  have 
been  thoroughly  cleaned,  and  only  1  was  previously  used  for  mill 
purposes ;  and  even  this  has  since  been  raised.  Two  of  the  older 
resei'voirs,  which  are  classed  as  giving  little  trouble,  have  not  given 
any  trouble  in  recent  years. 

Among  the  4  deep  reservoirs  classed  as  giving  much  trouble  is 
the  Ludlow  Reservoir,  at  Springfield,  which  has  furnished  bad  water 
in  summer  for  1(5  years.  The  other  3  reservoirs  of  this  class  have 
not  givcMi  nearly  as  much  trouble. 

In  several  instances  the  reservoirs  which  have  given  trouble  are 
flowed  over  swamps  and  meadows. 

Selecting  from  the  table  the  high  and  low  colored  waters,  we  find 
that  there  are  24  of  the  former  and  42  of  the  latter.  Of  those  with 
a  high  color,  75  per  cent,  have  given  trouble  ;  while  of  those  wnth  a 
low  color  but  52  per  cent,  are  affected.  This  unfavorable  showing 
for  the  high-colored  waters  appears  to  be  due  to  other  consider- 
ations than  the  color ;  that  is  to  say,  the  high  colors  predominate  in 
shallow  reservoirs,  while  the  low  colors  are  found  under  the  more 
favorable  conditions  of  deep  ponds.  A  study  of  the  table  in  detail 
indicates  that  the  effect  of  color,  if  any,  is  very  much  less  than  that 
of  pollution  and  the  conditions  of  storage. 
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The  foregoiug  claBsificatEon  has  been  based  for  the  most  part  upon 
the  information  ohtained  from  official  reports,  and  other  outside 
gources,  and  it  may  be  instructive  to  compare  the  chemical  charac- 
teristics of  these  waters,  adhering  to  the  same  classification.  Such 
comparisons  are  presented  in  the  following  tables  :  — 
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Unpolluted  Reservoir!'  —  Concluded. 
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In  nutking  comparisons  between  the  different  waters  given  in  this 
table,  it  .'should  be  borne  in  mind  that  the  amount  of  pollution  is 
best  indiuitcd  by  the  excess  of  chlorine. 

A  coni|)iirison  of  the  analyses  of  the  first  four  polluted  ponds 
which  give  much  trouble  with  the  next  four  which  give  little,  shows 
that  the  quitntity  of  each  of  the  constituents  in  the  former  is  in 
every  case  hngcr  than  in  the  latter.  As  this  is  mainly  the  effect  of 
pollution,  it  emphasizes  the  conclusion  before  reached,  that  pollution 
is  one  of  the  prominent  factors  in  producing  bad  tastes  and  odors. 

It  will  also  be  seen  upon  examination  that  the  suspended  albuminoid 
ammonia,  wliich  represents  approximately  the  quantity  of  algte  and 
other  organisms  in  the  water,  is  most  frequently  found  in  waters 
which  are  subject  to  bod  tastes  and  odors.  This  is  shown  in  a 
general  way  by  the  following  condensed  table  :  — 
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Iluving  shown  the  conditions  antler  which  had  tastes  and  odiirs 
are  most  prevalent,  it  may  be  asked  why  this  is  so.  The  answer 
to  this  question  must  necessarily  be  a  complicated  one,  and  must) 
with  our  present  knowledge,  involve  much  uncertainty ;  bnt  the 
indtcittions  point  to  the  supply  of  nitrogenous  food  for  animal  and 
vegetable  organisms  as  being  one  of  the  most  important  factors. 

The  principal  sources  from  which  the  nitrogenous  compounds  in 
water  are  obtained  are  the  rainfall,  swamps  and  other  deposits  of 
decaying  vegetable  matter,  manured  fields,  and  domestic  and  manu- 
facturiug  sewage.  The  nitrogen  derived  from  the  ruiiifiill  is  insuf- 
ficient ill  quantity  to  support  any  very  large  growth  of  organisms. 
It  is,  therefore,  mninly  from  other  sources  that  the  nitrogen  mu!«t 
come  to  produce  the  abnormal  growths  which  cause  serious  trouble. 
In  the  case  of  polluted  ponds  the  supply  comes  mainly  from  sewage, 
and  from  animal  manures  which  are  produced  or  used  in  populous 
districts.  It  may  be  well  to  state  here,  even  at  the  risk  of  repetition, 
that,  even  if  sewage  is  turned  into  a  cesspool  and  filters  a  very  long 
distance  before  reaching  a  pond,  and  in  its  passage  through  the 
ground  has  all  of  the  organic  matter  in  it  destroyed,  it  will  still  con- 
tain in  an  inorganic  form  a  large  part  of  the  nitrogen,  and  may  have 
nearly  the  same  effect  in  promoting  growths  of  organisms  in  a  pond 
as  if  the  sewage  was  turned  into  it  directly.  The  source  from  which 
uncleaned  reservoirs  may  obtain  a  large  part  of  their  nitrogen  is  the 
vegetable  matter  at  the  bottom,  A  good  instance  of  this  is  fur- 
nished at  the  Ludlow  Reservoir,  Springfield.  The  amount  of 
nitrogen  in  the  reservoir  water  in  summer,  when  the  growth  of  algie 
IB  at  its  height,  is  three  times  as  great  as  in  the  winter ;,  and,  since 
the  amount  contained  in  tlie  water  entering  the  reservoir  through  its 
feeders  is  not  large,  the  only  source  from  which  it  seems  possible 
to  obtain  this  additional  nitrogen  is  the  reservoir  bottom.     With 
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regard  to  the  depth  and  size,  and  absence  of  very  shallow  flowage, 
this  reservoir  ranks  high  among  those  in  the  State. 

As  a  fuither  indication  that  depth  is  less  important  than  the  food 
supply,  the  ease  of  Pilling's  Pond  in  Lynnfield  may  be  cited.  This 
is  a  very  old  storage  resen'oir,  made  for  mill  purposes  by  flowing  a 
large  level  meadow  to  a  depth  of  four  feet.  The  average  depth  of 
the  pond,  including  the  shallow  portions  near  the  edges,  is  about 
three  feet.  At  the  time  of  the  examination  it  was  kept  constantly 
full.  The  area  of  the  pond  is  in  the  neighborhood  of  eighty-five 
acres.  Examinations  made  during  the  summer  of  1889  showed  that, 
notwithstanding  the  small  depth  and  the  consequent  high  temper- 
ature of  the  water  which  at  times  reached  eighty  degrees,  Fahren- 
heit, the  water,  did  not  contain  any  abnormal  growth  of  organisms, 
or  become  offensive.  This  comparatively  favonible  result  appears  to 
l>e  duo  to  the  fact  that  the  reservoir  is  so  old  that  the  available  food 
has  been  removed  from  the  mud  at  the  bottom. 

To  avoid  giving  the  impression  that  bad  tastes  and  odors  are 
caused  only  by  an  abundance  of  nitrogenous  organisms,  it  is  well 
to  cite  the  case  of  Naukeag  Pond  in  Ashburnham,  which  had  a  very 
disagreeable  odor  when  it  was  examined  in  the  spring  of  1888  and 
again  in  1889.  This  pond  is  deep  and  unpolluted,  and  did  not 
contain  an  unusual  amount  either  of  or^fanisms  or  of  nitros^en. 
Cases  of  this  kind  are,  however,  exceptions  to  the  general  rule. 

The  most  important  conclusions  to  be  reached  from  this  study  of 
bad  tastes  and  odors  are,  that  from  this  stand-point  a  water  supply 
should  not  be  chosen  which  receives  much  sewage,  either  directly 
or  after  puritication ;  and  that,  if  water  is  to  be  stored  in  a  new 
artifi(;ial  storage  reservoir,  it  should  have  the  vegetable  matter 
removed  from  its  bottom  and  sides. 


SPECIAL  INVESTIGxVTION  OF   DEEP   PONDS. 

The  effect  of  the  storage  of  water  in  shallow  ponds  and  reser- 
voirs in  producing  bad  tastes  and  odors  has  already  been  discussed. 
This  section  will  be  confined  to  a  consideration  of  the  character  of 
water  in  deep  ponds  at  different  depths,  and  the  changes  which 
occur  at  different  seasons  of  the  year,  owing  to  the  circulation 
or  stagnation  of  the  water,  caused  mainly  by  the  difference  in 
temperature    of  the   various   layers.     As   already   stated,    investi- 
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gations  of  this  subject  have  been  mude,  chiefly  Ht  Jamaica  Pond, 
other  poiidti  being  examine<.l  only  to  a  limited  extent  for  purposes 
of  compiirisoD,  Upon  pp.  G65'ftnd  66(i  of  this  volume  will  be 
found  a  plan  of  this  pond,  and  a  diagram  ehowing  the  tempera- 
tures at  difl'erent  depths  ;  also,  in  connection  with  these,  a  discussion 
of  the  vertical  currents  caused  by  changes  of  temperature.  The 
main  fiicts  established  are  that  vertical  circulation  takes  place  until 
about  the  first  of  April,  after  which  the  surface  water  liecomes 
wiirnied,  and  consequently  does  not  mingle  with  that  at  the  bottom 
uutil  some  time  in  November,  when  the  surface  water  again  becomes 
cold  enough  to  sink.  During  the  seven  months  from  April  to 
November  the  bottom  water  is  stagnant  and  does  not  come  into  con- 
tact witli  the  air;  and,  if  it  contains  much  matter  capable  of  under- 
going decomposition,  the  dissolved  oxygen  is  soon  used  up,  and  the' 
water  becomes  very  foul. 

Jamaica  Pond  was  chosen  for  special  investigation  because  it  con- 
tained, two  months  before,  an  enormous  growth  of  Ofcillarla,  and  it 
was  thought  that  it  would  consequently  contain  much  decomposing 
matter  at  the  bottom,  and  therefore  present  extreme  conditions. 

Samples  of  water  for  chemical  and  microscopical  exaininationg 
were  collected  from  the  pond  at  six  depths ;  namely,  at  the  surface, 
and  ten,  twenty,  thirty,  forty,  and  fifty  feet  below,  the  deepest 
sample  being  taken  near  the  bottom  of  the  pond.  In  some  io- 
stances,  when  the  surface  of  the  pond  was  below  high-water  mark, 
it  has  been  impracticable  to  get  a  sample  quite  as  deep  as  flfly  feet; 
but,  for  convenience,  the  sample  taken  as  near  this  depth  as  practi- 
cable has  always  been  designated  as  the  fifty-foot  sample.  The 
samples  were  taken  frequently,  and  the  analyses  if  printed  in  fiill 
would  occupy  much  space.  They  are,  therefore,  presented  in  a. 
somewhat  condensed  form  in  two  tables.  The  first,  given  on  the 
next  two  pages,  contains  five  complete  series  of  analyses,  represent- 
ing typical  conditions  at  difl'erent  seasons  of  the  year.  The  other, 
given  on  pp.  75G— 759,  contains  all  of  the  determinations  of  the 
nitrogen  in  ils  difl'erent  forms,  together  with  an  average  which  is 
intended  to  be  representative  of  the  whole  mass  of  water  contained 
in  the  pond;  that  is,  not  a  direct  average  of  the  figures  obtained 
by  analyzing  the  water  at  the  different  depths,  but  one  in  which  the 
analyses  at  each  depth  are  given  weight  in  proportion  to  the  amount 
of  water  which  they  represent.  In  addition  to  these,  the  last  three; 
columns  show  respectively  the  organic  nitrogen,  as  deduced  from  the 
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albuminoid  ammonin  by  methods  already  indicated  in  tlie  report  of 
the  chemist  (pp.  545  and  54U)  ;  the  inorganic  nitrogen,  including 
under  tiiia  head  the  nitrogen  in  the  free  ammonia  and  in  the  oitrateB 
and  nitrites  ;  and  the  total  nitrugen,  which  Is  the  sum  of  the  organic 
and  inorgunic. 


Table  of  AsALrsES  op  Jamaica  Posd  Watee,  bhowwo  TrrrcAL 

Conditions  at  Different  Seasons  of  the  Year. 

Samples  eolUcled  April  4, 1S90,  when  eirculiUion,  which  htd  been  more  or  lea* 

acCive  for  Jive  motUhs,  wa»  about  to  cease. 
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Samples  collected  April  2.9, 1890,  after  dreulalion  had  ceased,  and  free  ammonia 
had  begun  to  accumulate  at  the  bottom. 
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Samples  eoUeeled  Aug.  14,  1890,  duriny  the  perio't  of  stagnation,  when  mudjM 
Jree  amnionia  hatl  accumulated  at  the  bottom.                               ■ 

[PaM»IH-r  100,000,]                                                                                    U 

j 

4 
1" 

i 

£ 

Ar»,«.,«. 

0.... 

'"■■•"■ 

.V,v-o..v 

A 

1 

! 

1 

i 

1 

1 

.i..™.K..m. 

i 

1^ 

,1 

It 

ii 

SU2 
BUS 

em 
euo 

4U 

50 

z 

D'«i  111:1, 

Sliglil. 
DLllBQl 

Slight. 
Sllghl. 

aught, 
Sllghl. 

0.00 

?«lnlly 
vegeUble 

vpgembla 

F.lpiily 

vep^Lihle 

ab?*."'" 
Offenilfo. 

Puog»nt. 

VyWnlly 
vegetable. 

.000! 

.0240 

.0104 
.0230 

:I 

.OOM 
.DO80 

.0000 
.0000 

1 

Samples  colleUed  Nov.  23, 1889,  when  the  cooling  of  the  water  had  eansed  verliei^M 
circulation  to  a  depth  of  thirty  feet,  Iherebi/  increasing  the  free  ammonia  in  tktM 
upjier  layers,  and  making  the  water  of  uniform  gualUi/  to  this  depth.                   fl 
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Samples  collected  Nov.  27, 18S9,  after  vertieal  cireutntion  had  been  established  Aifl 
the  bottom,  and  the  water  teas  eonsequetUly  of  uniform  quality  throughout  thJU 
pond.                                                                                                                        1 
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The  prominent  changes  in  the  character  of  the  water,  as  indicated 
by  the  foregoing  table,  will  be  first  referred  to.  The  observations  of 
April  4,  1890,  were  made  after  a  mild  winter,  during  which  the 
pond  had  been  covered  with  ice  but  little  of  the  time,  and  circula- 
tion of  the  water  to  the  bottom  was  probably  produced  frequently  by 
the  wind.  A  few  davs  before  these  observations  were  made,  active 
circulation  was  known  to  have  been  caused  by  changes  of  tempera- 
ture, because  the  surface  water  was  then  being  warmed  to  the  tem- 
perature of  maximum  density.  As  a  result  of  this  circulation,  the 
water  was  uniform  in  quality  from  the  bottom  to  the  surface,  and  the 
products  of  decay,  which  existed  in  the  water  in  large  quantities 
the  previous  autumn,  had  disappeared  by  oxidation  or  had  been 
absorbed  by  organisms  which  were  particularly  abundant  at  this 
time. 

Immediately  a\1ter  this  date  the  free  ammonia  began  to  accu- 
mulate in  the  bottom  layers,  and  on  April  29,  1890,  the  date  of 
the  second  set  of  observations  given  in  the  table,  was  present  in 
considerable  quantity.  In  the  latter  part  of  the  summer  the  differ- 
ence between  the  surface  and  bottom  water  became  most  marked. 
The  water  at  the  surface,  containing  no  free  ammonia,  was  in  as 
good  condition  as  at  any  season  of  the  year,  while  that  at  the  bottom 
was  foul,  and  loaded  with  the  products  of  decay.  A  sample  from 
the  bottom  at  this  time,  when  first  collected  had  little  or  no  color, 
but  after  standing  became  a  deep,  yellow-brown.  The  odor  of  the 
bottom  water  at  this  season  of  the  year  was  generally  very  offensive, 
and  often  that  of  sulphuretted  hydrogen.  This  condition  of  the 
water  is  indicated  by  the  analyses  of  Aug.  14,  1890. 

Water  of  this  character  while  at  the  bottom  of  the  pond  cannot 
undergo  any  improvement,  on  account  of  the  absence  of  free 
oxygen,  and  it  consequently  remains  in  a  foul  condition,  to  rise 
in  the  autumn  (when  circulation  is  established  between  the  surface 
and  the  bottom)  and  mingle  with  the  whole  mass  of  water,  affecting 
injuriously  that  nearer  the  surface.  The  effect  of  the  circulation  will 
be  seen  by  reference  to  the  series  of  Nov.  27,  1889,  when  the  odor 
of  the  water  was  distinctly  disagreeable  at  all  depths,  and  the  free 
ammonia  at  the  surface  had  increased  from  practically  nothing  in 
the  summer  to  .0640  parts  per  100,000. 

From  the  foregoing  description  it  will  be  seen  that  there  are  two 
prominent  differences  between  the  storage  of  water  in  a  deep  pond 
like  the  one  here  described  and  a  shallower  one  in  ^hich  the  water 
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U  overturned  to  the  bottom  hy  every  strong  wind.  In  the  deep 
poQ(i  the  surface  aod  luittom  layers  are  entirely  diatinct  during  the 
summer,  and  practically  no  water  passes  from  one  to  the  other, 
though  there  may  be  a  pn.ssage  of  organisms  or  gases ;  as,  for  in- 
stance, when  dead  algai  or  animals  sink  from  the  surface  layei-s  to 
lower  ones  or  to  the  bottom,  or  whtn  gases  produced -by  decom- 
position at  tlio  bottom  rise  to  tlie  surface.  The  changes  consequent 
upon  the  growth  and  death  of  the  oi'ganisms  diminish  the  amount  ot. 
nitrogen  iu  the  upper  layers  of  the  water  during  the  summer,  and. 
thereby  improve  its  quality. 

In  a  shallow  pond,  on  the  contrary,  the  nitrogenous  products  result- 
ing from  ihe  decay  of  the  organisms  which  drop  to  the  bottom,  or 
of  any  organic  matter  in  the  material  of  which  the  bottom  is  com- 
posed, are  frequently  brought  to  the  surface,  where  they  may  pro- 
mote a  new  growth  of  organisms.  In  view  of  these  differences,  it 
may  he  questioned  whether  any  very  abundant  growth  of  organisms, 
such  as  occurs  in  the  Ludlow  Reservoir  at  Springfield,  is  likely  to 
take  place  during  the  summer  in  a  deep  pond.  In  the  autumn  the 
accumulated  products  in  the  bottom  of  a  deep  pond  are  mingled 
with  the  upper  layers,  from  which  water  is  usually  drawn  for  use ; 
and  at  this  time  the  shallower  pond,  which,  by  reason  of  the  frequent 
circulation  of  its  waters,  is  of  uniform  quality  at  all  depths,  may  have 
an  advantage  over  the  deep  one. 

General  experience  seems  to  indicate  that  depth  is  on  the  wholes 
an  advantage  ;  but,  in  view  of  the  above  facts,  it  may  be  questioned 
whether,  under  some  circumstances,  it  is  not  a  disadvantage  to  have 
a  depth  in  excess  of  that  to  which  the  water  will  circulate  at  all 
seasons  of  the  year. 

In  addition  to  the  more  practical  results  of  this  investigation, 
which  have  already  been  fully  stated,  the  changes  in  the  amount  of 
nitrogen  in  the  pond,  and  the  form  and  place  in  which  it  appears  at 
different  seasons  of  the  year,  are  of  interest.  These  features  are 
shown  in  the  table  on  pages  756-759  and  by  the  diagram  on 
page  7fiO. 

It  may  be  said,  first,  that  the  total  nitrogen  in  the  whole  mass  of 
water  in  the  pond,  as  given  in  the  last  column  of  the  table  above 
mentioned,  does  not  vary  very  much  throughout  the  year,  and  this 
feature  is  no  less  marked  when  the  different  nitrogen  compounds  are 
nndergoing  rapid  changes  than  at  other  times.  A  good  example  is 
famished  by  the  following  compari--tin  of  the  results  obtained  on 
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Nov.  27,  1889,  when  a  large  part  of  the  nitrogen  was  contained  in 
the  free  ammonia,  and  on  March  2(5,  1890,  when  none  was  in  this 
form:  — 

[ParU  per  100,000.] 


N'ov.  27, 1889.    Mar.  W.  1890. 


Nitrogen  as  tree  ammonia 

Nitrogen  as  disaolvcd  albuminoid  ammonia. 
Nitrogen  aa  auapcnded  albuminoid  ammonia, 

Nitrogen  aa  nitrate* 

Nitrogen  an  nitrlten, 

Total 


.0509 
.0310 
.0156 
.0130 
.0008 


.0000 
.0246 
.0383 
.0436 
.0013 


.1119 


I 


.1078 


It  has  sometimes  been  thought  that  the  disappearance  of  free 
ammonia  from  water,  under  conditions  like  these,  was  due  largely  to 
its  escaping  into  the  air  as  ammonia  gas ;  but  the  above  comparison 
indicates  that  nearly  all,  if  not  all,  reappears  in  other  forms. 

If,  instead  of  con.sidering  the  nitrogen  in  the  whole  contents  of  the 
pond,  we  take  the  different  depths  separately,  the  quantities  found  in 
the  surface  and  bottom  layers  are  not  constant  throughout  the  year. 
In  April  and  November,  when  vertical  circulation  is  active,  the 
nitrogen,  as  well  as  all  other  constituents,  is  found  in  the  same 
quantity  at  all  depths  ;  but,  during  the  summer  stagnation,  the  appro- 
priation of  nitrogen  in  the  upper  layers  by  organisms  which  di*op 
into  the  lower  layers  or  to  the  bottom  decreases  the  amount  of 
nitrogen  near  the  surface,  and  increases  it  near  the  bottom.  The 
amount  of  nitrogen  thus  transferred  is  well  indicated  by  a  single 
series  of  analyses,  made  Aug.  14,  1890,  as  follows :  — 

Total  Nltroiren  in 
Depth  In  fei  t.  parti  per  100,000. 

0 0686 

10, 0786 

20 1108 

30 1010 

40, 2008 

50, 4839 

Average  for  tbo  whole  pond, 10€9 

At  this  time  the  last  two  samples,  which  represent  12.5  per  cent. 
of  the  water  in  the  pond,  contained  26  per  cent,  of  the  whole 
amount  of  nitrogen.  This  accumulation  at  the  bottom  suggests  the 
possibility  of  improving  the  quality  of  a  body  of  water  by  drawing 
from  its  lower  layers  and  wasting,  during  August  and  September, 
the  water  which  contains  the  accumulated  nitrogen. 
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Table  of  Analr/gei  of  Jamaica  Pond  water  at  Hx  deplha. 

Ncm.  —  Tb«»enLC»glTaD  below  an  not  B  direct  mcui  gf  tba  usIth*  al  the  dlffareDtdeptha,  b 
ire  oblslned  by  ^Tlog  cash  depth  «al|ht  In  propDcllon  to  tlje  unougl  of  viler  repreeenlsd. 


April  1. 
April  17 
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Table  of  Analyiet  of  Jamaica  Pond  water  at  six  deptht—  Continueil. 
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:  of  Anahjaea  of  Jamaica  Pond  water  at  six  depths  —  CoDtinued. 

taa  iiengea  given  below  itn  not  ■  direct  mun  al  U»  uddItipb  at  Ibe  dlSerrnt  depths,  but 
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Table  of  Analyses  of  Jamaica  Pond  water  at  six  depths  —  CodcIuAcA. 

VoTX.  -Tho  ■TprnvcK  gl'cn  below  ■»  sol  m  dlnct  mnn  at  Ibe  •ulyK*  >l  th*  diflcrent  de|itb> 
[p»rt»ptri«i,oco.l 


kllKoq 

.,*.1(„.™. 

Atiuo 

Stnuwu 

* 

1« 

M 

^ 

4* 

M          A 

.««.       0 

KUlG.    in 

npiuk.     1 

cUI, 

,0000 

0000 

0001 

OOOO 

-ooos 

ooot 

0001 

OBSl 

0383 

1243 

1 

^ 

"Zl 

^ 

002t 
OOOI 

!^i 

0003 
0001 

ns^ 

0803 

M03 

OOOI 

liW 

a 

oooi 

0001 

0003 

KM 

OBIT 

ooal 

OOOI 

0003 

0003 

.0001 

OOOI 

ooot 

0I3S 

015S 

0870 

s 

oora  1 

00« 

oooa 

0003 

D5M 

WIS 

0W3 

ooot 

OOOi 

OOOI 

.0011 

OOOT 

ooos 

ao3T 

0740 

IWT 

■t 

vm 

OOOI 

.OODB 

OODO 

OOOI 

.0011 

0012 

0123 

0174 

0011 

OOIT 

DOH 

ooia 

.0010 

OOIS 

DOtB 

0470 

0T2O 

12UT 

10 

WIS 

OOIS 

001(1 

OOM 

.0017 

0017 

0010 

osoa 

0071 

1334 

II 

001  s 

0OS5 

0024 

0011 

.0011 

0018 

00» 

OflOi 

Mss 

1330 

11 

0053 

0031 

0021 

.0033 

OOSI 

0023 

OMT 

0094 

IS 

OOIT 

0017 

ooia 

OOIT 

.0010 

OOIT 

0011 

ouo 

OiST 

1007 

14 

.oon 

OOH 

0014 

lOiT 

0011 

oon 

OIPII 

001b 

.0010 

OOIT 

OOIT 

0683 

04BI 

lOTl 

10 

0013 

0012 

0010 

OOIS 

0010 

.0013 

.0010 

00^1 

ooia 

0011 

0420 
0«3 

04M 

10T9 

IS 

oow 

0013 

1X113 

ooij 

.OOIS 

0012 

0013 

oaoo 

0931 

1168 

10 

0010 

0010 

0010 

0010 

OSll 

OAIS 

20 

0010 

DW» 

oow 

OODO 

.OOIS 

OOIS 

0010 

oaa 

067S 

nor 

ta 

0009 

0009 

^ 

0D0» 

.0000 
.oouo 

OOM 

0000 

W-1 

OSflT 

0^0 

f 

OODO 

.0000 

0025 

DOOO 

ooot 

DDOO 

ooos 

oocs 

.OOIS 
.0025 

OOIi 

0030 

m1i 

wn 

DU3 
OMT 

ooos 

M 

ooot 

ooo» 

0004 

OOOT 

O^J 

.0001 

OOOI 

ooos 

0005 

MIT 

MK 

MW 

z 

.ooos 

ooos 

.ooos 

0000 

0006 

0410 

0020 

oora 

0000 

0001 

OOM 

owo 

0I»0 

^ 

^ 

^ 

.0002 

0000 

0011 

oaio 

MSB 

1000 

31 

ODOO 

OOOI 

w-yt 

OOOi 

.0001 

0000 

OOOT 

OISI 

0637 

tool 

33 

0001 

.0001 

0003 

O012 

0103 

10S4 

oooa 

OOOi 

0000 

3.'. 

^10 

on  10 

OOIT 

0004 

.0001 

DOOO 

DOOO 

0644 

0102 

lOTifl 

30 

0M9 

oooa 

.0001 

0SI3 

0661 

1047 

OOOI 

001" 

0014 

= 

.0003 

0000 
DOOO 

0000 

0000 

OOOO 

0009 

)S28 

OS»J 
0033 

11  a3 

30 

D00« 

ooos 

ooos 

0001 

.OOUg 

0001 

ooos 

QMS 

oiei 

1112 

11 

000« 

0003 

OOOO 

0ST4 

oaoi 

0009 

Dono 

OOOT 

ooos 

.0010 

0307 

000» 

04S3 

070S 

lino 

43 

0008 

ooos 

0O09 

0000 

.0010 

0010 

0000 

0400 

0T13 

11S2 

" 

760  WATER  SUPPLY  A\D   SEWERAGE.  [Dec. 


Diagram  ihnxLing  tin.  Vartjus  Forms  of  yUrogen  in  Jamaica  Pond  at  different 
Sttutons  of  the  I'tar. 
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The  next  feature  considered  will  be  the  seasonal  changes,  in  the 
pond  as  a' whole,  of  the  various  forms  of  nitrogen.  These  are  shown 
by  the  columns  of  averages  in  the  table  on  pp.  756-759 ;  also 
graphically  by  the  diagram  opposite. 

The  most  prominent  feature  of  the  diagram  is  the  increase  in  free 
ammonia  during  the  summer  stagnation,  and  its  disappearance  during 
the  period  of  circulation,  which  extended  from  November  to  April. 

This  increase,  as  already  stated,  is  due  to  the  accumulation  of  free 
ammonia  in  the  lower  layers  of  the  water  by  the  decomposition  of 
organic  matter ;  also  in  part  to  the  deoxidation  of  the  nitrates  in 
these  layers.  The  decrease  takes  place  after  the  water  in  the  bottom 
layers  has,  by  the  autumn  circulation,  been  exposed  to  the  air  and 
mingled  with  the  surface  water,  thereby  losing  its  offensive  gases 
and  renewing  its  supply  of  dissolved  oxygen  so  that  nitrification 
can  take  place.  That  nitrification  does  occur  is  obvious  from  the 
coiTespondence  between  the  increase  in  nitrates  and  the  decrease  in 
free  ammonia.  There  is  also,  at  the  same  time,  an  increase  in  the 
suspended  albuminoid  ammonia,  showing  that  organisms,  either 
directly  or  indirectly,  appropriate  a  considerable  portion  of  the 
nitrogen  of  the  free  ammonia. 

The  suspended  albuminoid  ammonia  was  higher  at  the  beginning 
of  the  special  examination  than  subsequently.  It  had  been  much 
higher  previously,  owing  to  an  abnormally  abundant  growth  of 
Oscillariay  which  reached  its  maximum  June  1,  and  was  rapidly 
disappearing  when  the  first  special  observations  were  made. 

The  dissolved  albuminoid  ammonia  was  remarkably 'constant 
throughout  the  whole  period. 

The  fluctuations  of  the  nitrites  follow  in  a  general  way  those  of 
the  nitrates  ;  but  the  similarity  is  not  very  striking. 

In  addition  to  the  above  changes,  which  occur  in  the  pond  as  a 
whole,  the  table  on  pp.  756-759  contains  also  the  changes  which 
occur  at  each  of  the  depths  examined.  To  present  these  changes 
graphically,  and  to  show  their  relation  to  the  temperature  of  the 
water,  the  diagram  opposite  the  following  page  has  been  prepared. 
In  order  to  avoid  confusion  of  lines,  the  results  obtained  at  the 
surface  and  at  a  depth  of  ten  feet,  which  correspond  closely,  are 
combined  ;  and  those  at  a  depth  of  twenty  feet  are  omitted.  The 
nature  of  the  changes  indicated  upon  the  diagram  has  already  been 
80  thoroughly  discussed  that  it  will  be  unnecessary  to  refer  to  more 
than  a  few  special  features. 
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The  most  noticeable  general  feature  is  the  coincidence  of  t 
lines  which  separate  periods  of  stagnation  and  circulation,  with  t 
beginning  of  most  of  the  changes  which  take  place  in  the  differa' 
forms  of  nitrogen, 

The  decrease  of  the  nitrates  in  the  early  part  of  the  period 
stagnation  presents  some  peculiar  features.  The  bottom  layer  wa 
first  affected,  the  nitrates  decreasing  from  .0480,  April  17,  to  .0060 
May  15.  Next  the  nitrates  of  the  forty-foot  layer  diminished  froi 
.0530,  June  5,  to  .0060,  July  18.  If  we  except  for  the  present  thi 
surface  observations,  and  confine  the  discussion  to  the  stagnant 
layers,  we  find  the  next  reduction  in  the  thirty-foot  layer,  beginning 
Juno  19,  at.  0550,  and  diminishing  to  .0080,  September  11.  Th5 
twenty-foot  layer  was  next  affected,  the  nitrates  diminishing  Irom 
,0400,  August  28,  to  .0130,  September  11. 

These  changes  were  accompanied  by  a  corresponding  increase  in 
the  amount  of  free  ammonia,  but  not  by  any  large  rise  in  suspended 
albuminoid  ammonia;  all  of  which  indicates  that  the  decrease  of 
the  nitrates  was  duo  mainly  to  deoxidatiou,  rather  than  to  the  apprtH 
priation  of  the  nitrogen  by  microscopic  green  plants.  This  view  i 
supported  by  the  fiict  that  the  change  first  took  place  in  the  bottom' 
layer,  where  the  supply  of  free  oxygen  was  first  exhausted ;  also 
because  the  change  was  not  simultaneous  in  different  layers,  though 
the  number  and  kinds  of  green  plants  in  each  were  nearly  the  satae* 

The  decrease  of  the  nitrates  in  the  upper  layers,  where  the  watef 
is  kept  in  circulation  all  summer  by  the  wind,  took  place  between 
June  19  and  July  7  ;  that  is,  after  a  similar  change  in  the  forty  an^ 
fifty-foot  layers,  and  before  one  in  the  twenty  and  thirty-foot  layers, 
The  change  in  this  case  appeals  to  be  due  to  the  appropriation  of  tha 
nitrogen  by  green  plants,  which  were  more  abundant  at  the  latter 
date,  both  in  the  upper  layers  in  which  they  grew  and  in  the  lower 
layers  into  which  they  sank.  It  is  obviously  not  a  case  of  reductioi 
from  nitrates  to  free  ammonia,  because  the  latter  did  not  increase. 

One  other  feature  indicating  the  reduction  of  nitrates  is  a  sud- 
den rise  of  nitrites  in  the  stagnant  layers,  followed  by  a  correspond*' 
ing  fall.  This  occurred  iu  tho  different  layers  in  the  same  order  as  the 
decrease  in  nitrates,  and  at  about  the  same  time,  and  is  most  notica^ 
able  in  the  twenty  and  thirty  foot  layers.  In  the  latter  the  nitrites' 
were  .0007,  July  7,  rose  to  .0066,  July  31,  and  fell  again  to  .0005, 
August  28.  In  the  former,  the  nitrites  were  .0002,  August  14i 
.0066,   September  22,  and  .0017,  October  1. 
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Tha  pond,  on  account  of  the  large  population  on  ita  watershed 
1(1  its  consequent  hi^b  nitrogen,  furnishes  abundant  food  for  organ- 
ins;  and  it  is  interesting  to  note  the  changes  which  occurred,  as 
;temiined  by  niicroscupicul  oxaminatioDs.  At  times  the  organisms 
ere  nearly  all  of  one  or  two  kinds,  while  at  other  times  there  was 
great  variety  in  the  pond.  An  attempt  has  heen  made  to  show 
le  principal  changes  graphically  on  the  following  diagram :  — 
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In  general,  tlie  average  number  of  organisms  in  the  whole  con- 
'nts  of  the  pond  has  heen  plotted  according  to  the  scale  on  the 
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left-hand  side  of  the  diagram.  Exceptiona  hare  been  made  in 
the  case  of  animab  (including  Dinohryon),  which  occur  in  much 
Bmallor  numbers  than  the  other  organisms,  and  are  therefore  plotted 
on  five  times  as  large  a  Bcale,  so  aa  to  give  them  sufficient  promi- 
nence ;  also  in  the  case  of  Crenothrtx,  which  was  found  almost 
wholly  in  the  bottom  layer,  so  that  the  number  in  thia  layer  oaly 
is  indicated,  and  not  the  average  for  the  whole  pond. 

As  has  already  been  stated,  about  two  months  before  the  special 
examination  was  begun  there  was  an  enormous  growth  of  Oscillarta 
in  the  upper  layers  of  the  pond,  so  that  the  summit  in  the  line  repre- 
senting this  organism  does  not  indicate  the  maximum,  but  rather 
a  fluctuation  in  a  generally  decreasing  quantity.  During  the  time 
included  in  the  diagram,  the  Oscillaria  were  mostly  in  the  lower 
layers;  and  it  is  remarkable  that,  since  their  disappearance  in 
November,  188i),  none  have  been  found  in  the  water  except  on 
one  or  two  occasions,  and  then  only  a  few  specimens.  Shortly 
before  the  disappearance  of  the  Oscillaria  the  animal  Diiiobryon 
became  abundant,  but  disappeared  suddenly  at  about  the  same  time 
as  the  Oncillaria.  During  the  month  of  December  the  water  con- 
tained only  a  very  few  organisms,  mostly  animals  of  many  differ- 
ent kinds.  After  this  period  came  abundant  growths  of  Aslerionella 
and  Si/nedra,  and  as  these  disappeared  there  was  an  abundant 
growth  of  Crenothrix  in  the  bottom  layer.  "While  this  organism 
was  in  the  bottom  layer  and  bad  almost  sole  possession  of  it,  a  great 
variety  of  algie,  including  some  Aslerionella  and  Synedra,  were 
present  in  the  layers  above,  and  their  totid  number  is  shown  on  the 
diagram.  A  very  abundant  growth  of  Anabceiia, ■  ythich  reached  its 
maximum  September  11,  is  shown  separately  from  the  other  algre. 
In  this  case  an  instance  is  presented  of  an  organism  appearing  in 
great  quantities  which  had  been  entirely  absent  from  the  water  for 
more  than  a  year. 

The  foregoing  relates  wholly  to  a  pond  which  was  selected  for 
investigation  because  it  was  thought  that  it  would  exhibit  in  an 
extreme  degree  the  changes  which  occur  in  a  deep  pond.  To'  indi- 
cate how  much  other  ponds  and  reservoirs  differ  from  this,  special 
examinations  have  been  made  of  several  during  the  period  of  stag- 
nation, and  the  results  are  recorded  in  the  tables  on  pp.  766,  767. 

For  more  convenient  comparison  the  following  condensed  table 
has  lieen  prepared,  which  gives  the  free  ammonia  at  the  surface  and 
near  the  bottom  of  each  of  these  ponds  and  reservoirs  ;  — 
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Amount  of  Free  Ammonia  at  the  Surface  and  near  the  Bottom  of  Various  Deep 
Ponds  and  Reservoirs  during  the  Period  of  Stagnation. 


Date. 

Depth  of 

Pond  or 

Retenrolr. 

Depth  of 
deepest 
Sample. 

Feet 

Fekb  Ammonia. 

LOCALITY. 

Sarfiice. 

Near 

Feet 

Bottom. 

Boston,  Jamaica  Pood, 
Wellealey,  Waban  Lake,   . 
Boaton,  If  ysttc  Lake, 
Boatoo,  Rcften-olr  3,  . 
Salem,  Wenham  Lake, 
Boatoo,  Lake  Cochituate,  . 
Boston,  Renervolr  4,  . 

Aug.  14, 1890,       . 
Aug.  27, 1889,       . 
July  29, 1889, 
Aug.  1, 1890, 
July  24, 1889, 
June  18, 1890, 
July  2, 1888, . 

67 

86 
87 
21 
46 

46 

60 
36 
86 
20 
46 
65 
40 

.0000 
.0012 
.0010 
.0028 
.0000 
.0024 
.0000 

.4720 
.1760 
.1144 
.0606 
.0560 
.0344 
.0008 

It  w  ill  be  noticed  by  reference  to  the  above  table  that  there  is  a 
vast  (lifTerence  in  the  amount  of  free  ammonia  found  near  the  bottom 
of  the  different  ponds  and  reservoirs,  and  that  there  is  only  one 
exception  to  tlie  rule  that  free  ammonia  aocumulates  during  the 
summer  in  the  bottom  layers  where  the  depth  is  twenty  feet  or 
more.  The  single  exception  is,  rather  strangely,  not  a  natural 
pond,  but  a  comparatively  new  artificial  reservoir.  The  reasons  for 
this  appear  to  be,  first,  that  the  reservoir  is  not  polluted ;  and, 
second,  that  all  vegetable  matter  was  carefully  removed  from  it 
before  filling  with  water.  Each  of  the  other  bodies  of  water  receives 
more  polluting  matter  than  this  reservoir,  and  in  most  cavses  the 
amount  of  ammonia  in  the  bottom  water  corresponds  to  the  amount 
of  pollution.  In  some  years,  as  shown  by  observations  of  tem- 
perature at  the  surface  and  bottom,  the  water  circulates  to  a  greater 
depth  during  the  summer  than  twenty  feet,  so  that  a  reservoir  like 
No.  3  of  the  Boston  Water  Works  does  not,  under  such  circum- 
stances, contain  any  accumulation  of  ammonia  at  the  bottom. 
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SPECIAL  CHARACTERISTICS  OF  CERTAIN  SUKFACE  WATERS. 
Four  surface  waters  in  the  State  have  been  subject  to  much  greater 
chfingc3  in  character  from  the  growth  of  organisma  than  any  others 
which  have  been  regularly  examined.  These  are  the  Ludlow  Res- 
ervoir, Springfield  ;  the  Haynea  Reservoir,  Leominster ;  the  Reser- 
voir at  Brockton,  and  Jamaica  Pond,  Boston.     The  changes  which 
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take  place,  being  occasioned  by  the  growth  of  algce  and  other 
organisms,  are  best  indicated  in  a  chemical  analysis  by  the  suspended 
albuminoid  ammonia ;  but,  as  this  was  not  determined  during  the 
first  year  of  the  observations,  it  is  necessary,  in  order  to  make  that 
year's  work  available,  to  use  the  total  albuminoid  ammonia,  which 
fluctuates  in  nearly  the  same  way  as  the  suspended.  The  fluctua- 
tions of  both  of  these  constituents  are  shown  by  the  following 
diagram :  — 
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gram  showing  the  Total  and  Suspended  Albuminoid  Ammonia  at  Brockton, 
Leominster,  Bpring/ield  and  Jamaica  Fond,  Boston. 
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In  comparing  the  lines  representing  tlio  different  waters,  the  gen- 
eiitl  sitniliirity  of  the  first  three,  and  their  want  of  resemblance  to 
the  fourtli,  are  very  noticeal»le.  To  state  the  case  more  in  dctailj 
the  albuminoid  ammonia  rises  every  year  during  the  warm  weather 
in  the  first  three  waters,  reaching  a  maximum  in  the  latter  part  oi 
tlie  summer  or  early  autumn  ;  while  in  the  fourth  the  fiuctuatiuns  do 
not  occur  annually,  and  the  maximum  point  is  reached  earlier  in  the 
season.  The  rise  in  albuminoid  ammonia  in  the  first  tliree  waters  is 
accompanied  by  an  abundant  growth  of  one  or  more  of  three  kinda 
of  Mue-green  algie,  namely,  Anab(Bna,  Clalhrocystts,  and  Ccelos- 
phcErium;  while  the  great  rise  at  Jamaica  Pond  occurred  when  the 
water  contained  an  enormous  growth  of  OsclUaria, 

The  discovery  that  waters  can  be  classified  in  this  way  appears  to 
offer  an  opportunity  for  ascertaining  the  cause  of  the  trouble  :  first, 
by  a  comparison  of  these  waters  and  their  environment  with  each 
other,  in  order  to  learn  the  features  which  they  have  in  common ; 
and,  second,  to  compare  them  with  waters  not  so  affected,  to 
ascertain  in  what  respects  they  differ. 

The  features  to  which  attention  would  naturally  be  given  in  a  com- 
p  irison  of  tbirf  kind  aro  :  tho  ehjiractor  of  the  organisms  ;  pollution  \ 
depth,  including  the  amount  of  shallow  flowage ;  the  character  of 
the  basin  with  regard  to  the  presence  or  absence  of  vegetable 
matter  in  the  bottom ;  if  an  artificial  reservoir,  the  character  of 
the  land  flowed,  whether  swamp  or  upland,  cleared  or  wooded,  and' 
how  prepared  for  flowage,  whether  by  removing  only  trees  and 
bushes  above  the  surface  of  the  ground,  or  by  removing  all  soil, 
stumps  and  other  vegetable  matter ;  and  the  cbiii-acter  of  the  water 
entering  the  basin. 

In  making  a  comparison  of  the  organic  growths  in  the  first  three 
reservoirs,  it  is  found,  as  stated  above,  that  the  characteristic  growths 
at  tlio  time  of  the  rise  in  albuminoid  ammonia  are  tho  bluo-greea 
algi^.  Upon  extending  the  comparison  to  other  ponds  and  reservoirs 
in  the  State,  it  is  found  that,  although  these  algte  are  present  in 
many  instances  at  the  same  season  of  the  year,  yet  with  one  excep- 
tion they  do  not  multiply  to  any  very  great  extent,  and  consequently 
do  not  cause  the  same  fluctuations  in  the  chemical  character  of  tha 
water.  This  shows  that  the  comparative  freedom  from  trouble  of 
other  waters  is  not  on  account  of  the  absence  of  these  particular  algas, 
but  rather  because  the  conditions  do  not  favor  their  multiplication. 
The  single  exception  mentioned  above  is  Horn  Pond,  in  Wobum. 
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In  comparing  the  three  reservoirs  as  to  their  physical  character- 
istics, we  find  that  none  of  them  are  so  deep  but  that  the  bottom 
water  is  brought  to  the  surface  in  summer  by  every  strong  wind. 
All  of  them  are  artificial,  none  have  had  the  vegetable  deposits 
removed,  and  each  covers  some  land  which  was  formerly  swamp 
or  meadow.  The  Haynes  Reservoir  at  Leominster  is  the  poorest 
one  of  the  three  with  regard  to  the  general  depth,  the  proportion  of 
very  shallow  flowage,  and  the  amount  of  swamp  in  the  bottom.  The 
Ludlow  Reservoir  at  Springfield  is  much  better  in  these  respects, 
being  nearly  twice  as  deep  as  the  Haynes  Reservoir,  containing  very 
little  shallow  flowage,  and  a  smaller  proportion  of  swamp.  The 
Brockton  Reservoir  is  intermediate  between  the  other  two  in  the 
features  mentioned,  except  that  it  contains  a  smaller  proportion 
than  either  of  land  which  was  originally  wet,  and  this  was  a  meadow 
rather  than  a  swamp.  The  water  which  enters  this  reserv^oir,  how- 
ever, coming  to  a  considerable  extent  from  swamps  and  meadows, 
is  darker  colored  and  contain^  more  organic  matter  than  that  enter- 
ing the  other  reservoirs. 

The  quantity  of  water  entering  the  Brockton  Reservoir  during  a 
year  is  three  or  four  times  the  amount  required  to  fill  it,  while  the 
other  reservoirs  are  filled  on  an  average  about  once  in  nine  or  ten 
months. 

Neither  of  the  three  reservoirs  receives  any  considerable  amount 
of  sewage. 

Judged  by  ordinary  standards,  the  unfavorable  conditions  at 
Leominster  are  very  much  more  proniinent  than  at  Springfield,  and 
the  peculiar  trouble  which  is  common  to  both  places  would  naturally 
be  expected  to  appear  in  an  exaggerated  form  at  the  former  place. 
It  will  be  seen  by  reference  to  the  diagram  that  this  is  the  case, 
though  not  to  the  extent  which  might  be  expected  when  the  great 
differences  in  the  two  reservoirs  are  considered.  At  Brockton  the 
trouble  was  most  serious  in  1887,  and  has  grown  less  and  less 
every  year  since ;  so  that,  on  the  whole,  this  reservoir  has  been 
affected  much  less  than  the  others,  notwithstanding  the  fact  that 
both  the  reservoir  and  the  water  entering  it  are  worse  than  at 
Springfield,  except  that  the  reservoir  at  the  former  place  has  no 
extensive  swamp  in  the  bottom.  Brockton  has  also  the  advantage 
that  the  water  in  the  reservoir  is  changed  more  frequently. 

In  extending  the  comparison  to  the  other  reservoirs  in  the  State 
which  give  less  trouble  or  none,  there  are  many  which,  judged  by 
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tlie  usuiil  standards,  are  less  fiivorably  situated  thaa  that  at  Spring- 
field, though  there  are  not  many  whicli  combine  the  featuuea  of  a 
flowed  swamp  and  infrequent  change  of  water. 

On  the  whole,  it  may  be  said  of  these  three  reservoirs  that  they 
possess  no  distinctive  physical  characteristics  to  which  the  special 
troubles  can  bo  with  certainty  attributed;  but  that  there  is  the 
indication  that  the  swampy  bottoms  and  the  infrequent  change  of 
water  are  impoilant  factors  in  the  case- 
There  13  one  other  point  which  may  be  referred  to ;  namely,  the 
degree  of  permanence  of  trouble  of  this  kind.  It  seems  reasonable 
to  suppose  that  artificial  storage  reservoirs  will  in  time  assume  the 
conditions  of  naturul  ponds,  and  this  view  is  in  accordance  with  the 
facts  observed  with  regard  to  very  old  reservoirs.  A  change  of  this 
kind  may,  however,  require  a  great  many  years.  At  Springfield  the 
reservoir  was  built  and  its  tilling  was  begun  in  1874.  The  next  sum- 
mer the  trouble  began,  and  it  has  recurred  every  year  since ;  that 
is,  for  sixteen  years  in  succession.  In  this  case  we  are  fortunate 
in  finding  on  record  frequent  analyses  of  the  water  during  the  first 
two  suramiTs,  made  by  the  late  Prof.  Wm.  Ripley  >Iichols.  The 
amount  of  tho  trouble  was  then  practically  the  same  as  in  recent 
years,  and  there  is,  therefore,  no  indication  of  a  cessation  of  the 
trouble  in  the  near  future.  The  city  is  now  constructing  additional 
works,  with  the  view  of  abnndoning  the  use  of  this  reservoir,  except 
as  a  reserve  for  cases  of  emergency. 

The  Brockton  Reservoir  was  completed  in  1880,  hut  serious 
trouble  was  not  experienced  until  1885.  In  1887  the  maximum 
was  reached,  and  it  has  been  steadily  decreasing  since. 

The  Haynos  Reservoir  at  Leominster  was  built  in  1873,  and  has 
always  given  trouble,  though  records  as  to  its  severity  are  incom- 
plete. 

These  facts  show  that  under  such  circumstances  a  storage  reser- 
voir may  continue  to  furnish  had  water  for  a  very  long  time,  oven 
if  unpolluted  by  sewage. 

Jamaica  Pond  dirt*ers  greatly  from  the  three  reservoirs  named  in 
its  physical  characteristics,  it  being  a  natural  pond,  free  from  shallow 
flowage,  and  so  deep  that  there  is  no  interchuuge  of  water  from  the 
surface  to  the  bottom  in  wann  weather.  It  seems  hardly  possible 
that  such  an  enormous  growth  of  organisms  as  the  water  contained 
in  the  spring  of  1889  could  have  been  present  if  the  nitrogenous  food 
had  not  been  supplied  by  the  polluting  matters,  incident  to  the  large 
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population  on  the  watershed  of  the  pond.  Oft  the  other  band, 
it  cannot  be  claimed  that  such  growths  as  this  will  necessarily  be 
produced  by  the  same  amount  of  pollution,  because  .they  only  occur 
as  the  result  of  a  number  of  favoring  circumstances,  both  with 
regard  to  the  condition  of  the  organisms  and  of  their  surroundings. 
For  instance,  the  great  rise  shown  in  the  diagram  on  page  769  was 
occasioned  by  a  growth  of  Oscillaria^  which  did  not  re-appear  a  year 
later,  when  the  physical  conditions  were  substantially  the  same,  but 
was  followed  by  successive  growths  of  several  other  organisms,  as 
previously  indicated  by  the  diagram  on  page  763. 

The  conclusion  to  be  reached  from  this  study  of  the  waters  which 
have  usually  contained  abundant  growths  of  organisms,  and  con- 
sequently given  much  trouble  from  bad  tastes  and  odors,  is  practi- 
cally the  same  as  has  already  been  reached,  from  the  general  study 
of  the  bad  tastes  and  odors  in  ponds  and  reservoirs  throughout  the 
State  ;  namely,  that  sources  shoulct  be  avoided  which  receive  sewage 
either  directly,  or  indirectly  by  filtmtion,  and  that  reservoirs  should 
be  prepared  for  storing  water  by  having  the  vegetable  matter 
removed  from  their  bottoms  and  sides. 


THE  NATURAL  FILTRATION  OF   WATER. 

When  we  speak  of  a  ground  water,  we  mean,  ordinarily,  the 
water  found  below  the  surface,  which  has  had  its  origin  in  the  inter- 
mittent filtration  of  rain  and  surface  water.  Ground  water  is  usually 
clear,  colorless  and  cool,  nearly  or  quite  free  from  organic  matter, 
ammonia  and  nitrites ;  and,  in  regions  remote  from  population,  its 
contents  of  nitrates  are  low.  The  oxidizing  power  of  porous 
earth  is  so  ^reat  that  we  expect  to  find  the  ground  water,  even 
in  localities  with  considerable  population,  nearly  free  from  organic 
matter ;  though  high  nitrates,  under  these  conditions,  indicate  that 
the  water  once  contained  a  large  quantity  of  nitrogenous  organic 
matter. 

In  most  of  the  ground-water  supplies  of  the  State,  the  water  is 
obtained  from  wells  or  galleries  alongside  of  streams  or  ponds. 
As  instances,  may  be  mentioned  the  water  supplies  of  Milford, 
Newton.  Brookline,  Waltham  and  Watertown,  which  are  all  on  the 
banks  of  the  Charles  River ;  the  wells  at  Attleborough  and  North 
Attleborou2:h  which  are  on  the  banks  of  the  Ten  Mile  River,  those 
at  Bridgewater  on  the  Town  River ;  the  filter-gallery  at  Braintree 
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■which  is  on  the  shore  of  Little  Pond,  and  that  at  Wobiirn  on  Horn 
Pond.    There  are  bnt  few  instances  in  the  State  where  wells  supply- 

;  large  communitiea  with  water  are  situated  in  localities  remote 
from  a  stream  or  pond.  In  the  localities  above  mentioned,  —  and 
there  are  many  similarly  situated  throughout  the  State,  —  the  water 
percolat«9  through  porous  strata  into  the  galleries,  both  from  the 
land  side  and  also  from  the  sti-eam  or  pond. 

It  is  in  most  cases  perfectly  filtered;  that  is  to  say,  it  is  both 
clear  and  colorless.  But  it  is  important  to  obser^'e  the  distinction 
that  the  water  which  comes  from  the  lund  side  is  the  result  of  slow, 
intermittent  filtration,  and  contains  little  or  no  unoxidized  organic 
matter;  while  that  which  filters  into  the  well  from  the  body  of  sur- 
face water  is  the  result  of  continuous  filtration,  in  which  process 
little  or  no  oxidation  of  organic  matter  goes  on. 

In  intermittent  filtration  the  suspended  matters  are  removed,  and 
the  organic  matter  which  the  wfrter  miiy  have  contained  is,  under 
favorable  conditions,  completely  oxidized ;  in  continuous  filtration 
through  a  considerable  distance  in  porous  earth,  although  the  oxida- 
tion is  quite  insignificant,  there  is  effected  a  removal  of  suspended 
matters  and  also  in  many  cases  of  most  of  the  dissolved  organic 
matter,  so  that  the  witter  is  not  only  rendered  clear  and  colorless, 
but  contains  very  much  less  impurity  than  it  did  in  the  stream  or 
pond. 

It  is  not  to  be  supposed  that  all  the  water  which  filters  into  the 
well  or  gallery  from  tlie  stream  percolates,  in  all  cases,  directly 
through  the  intervening  bank.  Most  of  the  water  may  take  a  more 
or  less  circuitous  course,  since  the  banks  of  a  stream  are  often  but 
slightly  pervious  to  water,  by  reason  of  the  very  fine  silt  with 
which  they  are  coated,  • 

The  relative  amounts  of  water  which,  in  any  particular  case, 
reach  the  well  by  continuous  filtration  fram  the  stream  or  pond 
on  the  one  hand,  and  by  intermittent  filtration  from  the  land  side 
on  the  other,  we  do  not  always  know  ;  but  this  we  can  in  some  eases 
ascertain  by  a  comparison  of  the  composition  of  the  surface  water 
and  of  the  true  ground  water  of  the  region  with  the  water  in  th© 
well.  In  a  comparison  of  the  water  of  Horn  Pond  in  Wobum, 
and  of  the  water  from  the  land  side  as  obtained  by  means  of 
wells  sunk  at  some  distance  from  the  pond,  with  the  water  in 
the  filter-gallery,  which  is  about  one  hundred  and  thirty  feet 
from  the  pond,    it  has   been  determined  that  about  four-fifths   of 
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the  water  in  the  gallery  is  filtered  pond  water,  and  only  the 
remaining  one-fifth  is  ground  water  from  the  land  side.  Yet 
the  purification  is  very  decided ;  the  organic  matter  represented 
by  the  albuminoid  ammonia  was,  during  the  years  1887  to  1890, 
reduced  from  an  average  of  .0383  parts  in  100,000,  to  .0026 
parts,  a  reduction  of  93  per  cent. ;  and  the  free  ammonia  from  .0126 
to  .0012  parts,  or  a  reduction  of  90  per  cent.  But  the  nitrates  under 
these  conditions  are  not  increased  as  they  would  be  if  the  filtering 
process  were  intermittent  and  accompanied  by  the  direct  oxidation 
of  the  organic  matter.  In  fact,  we  find  the  nitrates  in  the  filtered 
water  actually  lower  than  in  the  water  in  the  pond,  being  .0452 
parts  per  100,000  in  the  latter,  and  .0381  in  the  former.  This  is 
owing,  without  doubt,  to  an  admixture  of  ground  water  from  the 
land  side,  with  lower  contents  of  nitrates.  Horn  Pond  affords  a 
good  opportunity  for  a  study  of  filtration  of  this  character,  since 
the  high  chlorine  contents  from  thie  refuse  of  tanneries,  which  flow 
in  large  quantity  into  the  pond,  make  a  decided  contrast  with  the 
comparatively  unpolluted  ground  water  around  the  pond. 

In  the  following  comparison  of  the  average  composition  of  the 
water  of  Horn  Pond,  and  of  the  water  of  the  filter-gallery  for 
three  and  one-half  years,  is  shown  the  extent  to  which  the  purifica- 
tion of  a  water  may  be  carried  by  a  process  of  filtration  which  is 
mainly  continuous  :  — 


Comparison   of  tke  Water  of  Horn  Pond  and  that  of  the  Filter-Oallery  on  its 
Shore.  —  Ace  rage  of  Monthly  Determinations  for  Three  and  One-half  Years. 

[Parts  per  100,000.] 
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In  the  case  of  filter-galleries  in  other  places,  the  chlorine  contents 
of  the  adjacent  body  of  surface  water  do  not  differ  enough  from 
that  of  the  region  to  determine  the  proportion  of  water  coming  from 
the  stream  or  pond  ;  yet  it  is  known  that,  in  many  instances ,  a  not 
inconsiderable  portion  filters  directly  from  these  sources.  This  can 
be  determined  in  some  cases  by  the  ratio  of  the  excess  of  nitrogen 
to  chlorine,  as  indicated  on  page  705,  and  in  some  by  the  albuminoid 
ammonia,  which  is  higher  than  we  find  in  ground  waters  well  purified 
by  oxidation  in  the  process  of  intermittent  filtration.  This  is  shown 
in  one  instance  in  the  following  table  :  — 


Comparison  oj  the  Water  oj  Charles  River  with  that  in  the  Filter- Oalkry  of  the 
Brookline  Water  Works.  —  Average  of  Monthly  Determinations  for  Two  Years, 
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The  higher  chlorine  and  nitrates  in  the  water  of  the  filter-gallery 
over  tliiit  of  the  river  is  the  result  of  the  admixture  of  the  ground 
water  from  the  land  side. 

In  contrast  with  these  waters  of  wells  and  filter-galleries,  which 
are  the  result  of  the  mixture  of  waters  from  both  intennitteut  and 
continuous  filtration,  may  be  given  two  instances  of  true  ground 
waters  which  have  their  origin  in  intermittent  filtration  onlv.  The 
first  is  a  spring  water  from  Williamstown,  which,  as  is  shown  b\^ 
its  chlorine  contents,  has  not  been  polluted  by  household  wastes ; 
and  the  second  is  a  water  from  the  wells  at  Eaton's  Meadows  in 
Maiden,  which  shows  in  its  high  chlorine  and  nitrates  that  it  was 
once  considerably  polluted.  But  it  will  be  noticed  that,  as  far  as 
freedom  from  or^ranic  matter  is  concerned,  the  latter  is  as  well 
purified  as  the  former. 
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Analyses  of  Oroutul  Waters  practically  free  from  Organic  Matter,  but  differing 

widely  in  the  Contettts  of  Nitrates. 

[P>rU  p«r  100,000.] 
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In  nearly  all  the  wells  and  filter-galleries  in  the  State  from  which 
large  supplies  arc  dmwn,  the  mechanical  filtration  is  perfect ;  that  is 
to  say,  the  water  is  free  from  turbidity,  and  it  is  also  without  color. 
In  a  few  cases,  however,  the  well  or  gallery  is  so  near  a  pond  or 
reservoir,  or  the  filters  constructed  beneath  the  pond  itself  are  so 
imperfect,  that  the  water  which  flows  into  the  gallery  is  not  even 
mechanically  well  filtered.  In  these  cases  very  little  water  comes 
from  the  land  side,  and  the  water  cannot  be  properly  classified  with 
the  ground  waters  ;  it  is  rather  an  imperfectly  filtered  surface  water. 

There  are  three  localities  in  the  State  where  the  water  supply  is 
of  this  character  ;  namely,  Arlington,  Way  land  and  Whitman.  The 
filter-gallery  at  Arlington  is,  in  part,  built  on  the  shore  of  a  storage 
reservoir  on  North  Brook  in  Lexington,  and  in  part  beneath  the 
bottom  of  the  reservoir.  A  similar  condition  exists  at  Wayland, 
where  the  galleries  are  in  connection  with  a  storage  reservoir  on 
Snake  Brook.  At  Whitman  the  galleries  are  in  immediate  proximity 
to  the  shores  of  Ilobart's  Pond. 

A  comparison  of  the  analyses  of  these  three  waters,  on  pp.  13, 
338  and  359  of  this  volume,  with  those  of  the  waters  of  other  wells 
or  filter-galleries  in  the  State,  as,  for  instjince,  at  Brookline,  Hyde 
Park,  Ware  and  Woburn,  shows  at  once  that  we  are  dealing  with 
a  very  diilerent  condition  of  aflairs.  The  very  imperfect  character 
of  the  filtration  is  shown  in  the  record  of  the  turbidity,  sediment 
and  color.  In  the  eighteen  examinations  of  the  water  of  the  Arling- 
ton gallery,  it  was  at  no  time  clear  or  colorless,  and  the  same  is  also 
true  of  the  w\iter  from  the  galleries  at  Wayland  and  at  Whitman. 
Indeed,  the  turbidity  and  sediment  of  the  filtered  water  is  not 
uncommonly  greater  than  in  the  unfiltered  water  of  the  reservoir 
or  pond. 
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Another  result  of  this  rapid  filtration  is  a  very  marked  increase 
in  the  free  ammonia  of  the  filtered  water,  indicating  the  decompo- 
sition of  the  nitrogenous  organic  matter  contained  in  the  unfiltered 
water,  so  tliat  we  have,  as  the  result  of  filtration  of  this  character,  a 
positive  deterioration  of  the  quality  of  the  water.  The  filtered 
water  has,  it  is  true,  usually  less  color  and  also  less  albuminoid 
ammonia,  in  consequence  of  the  straining  out  of  some  of  the  sus- 
pended algffi  in  the  water ;  but  in  no  other  respects  can  the  water 
be  said  to  be  improved. 

In  the  following  table  the  free  ammonia  in  the  filtered  and  unfil- 
tered water  from  these  three  localities,  as  determined  monthly 
during  the  years  1887  to  1890,  are  given  side  by  side :  — 


• 

Comparison  by  Months  of  the  Free  Ammonia  in  the  Surface  Water  Reservoirs  and 

Filter-galleries  at  Arlington^  Wayktnd  and  Whitman, 

[ParU  per  100,000.] 


FREE  AMMONIA. 


Arlinoton. 


Resenrolr. 


Jane, 

July, 

August,  . 

September, 

October, 

November, 

December, 

January, 
February, 
March,     . 
April,      . 
May,       . 
June, 
July, 
August,  . 
September, 
October,  . 
November, 
December, 


January, 
February, 
March,  . 
April,  . 
May,  . 
Juno, 


1887. 


1888. 


.0094 


.0028 


.0004 


.0000 
.0000 


1889. 


.0000 
.0016 
.0020 
.0042 
.0004 

.0006 
.00^ 
.0080 
.0052 
.0012 


niter- 
gallery. 


.0206 


.0252 


.0240 


.0104 
.0258 

.0186 
.0246 
.0020 
.0232 
.0064 

.0164 
.0038 
.0012 
.0060 
.0000 


Watlakd. 


Besenrolr. 


.0022 
.0006 

.0004 
.0036 


.0059 
.0046 
.0006 
.0002 
.0004 
.0004 
.0004 
.0016 
.0070 
.0032 
.0038 
.0002 

.0014 

.0014 

.0012 
.0025 


rilter- 
gallcr]i( 


.0280 
.0024 

.0225 
.0021 


.0091 
.0203 
.0130 
.0072 
.0190 
.0156 
.0206 
.0244 
.0166 
.0216 
.0200 
.0022 

.0016 

.0012 

.0026 
.0207 


Whitmax. 


Pond. 


.0029 


.0000 
.0012 
.0026 
.0046 
.0030 
.0018 


.0024 
.0022 
.0000 
.0086 
.0036 


Filter- 
gallery. 


.0085 


.0226 
.0218 
.0126 
.0058 
.0048 
.0060 


.0014 
.0074 
.0068 
.0126 
.0154 
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Comparison  by  Months  of  the  Free  Ammonia  in  the  Surface  Water  Reservoirs  and 
Filter-galleries  at  Arlington^  Wayland  and  Whitman — Concluded. 

[ParU  per  100,000  ] 


FREE  AMMONIA. 


Arlixotom. 


Kesenroir. 


rilter- 

gallerjr. 


July, 

August,  . 

September, 

October, 

November, 

I>ecembcr, 

January, 
February, 
March,    . 
April,      . 
May,       . 
June, 
July, 
August,  . 
September, 
October, 
November, 
December, 

Average, 


18S9. 


1S90. 


.0000 


.0024 


.0338 


Watlaitd. 


Besenrolr. 


.0154 


.0042 
.0022 
.0024 

.0004 
.0000 


.0006 

.ooot 

.0036 


.0020 


Filter- 
gallery. 


.0220 
.0208 
.0100 


.01&2 
.0146 


.0224 

.0108 
.0116 


.0148 


Whitmas. 


Fond. 


.0044 
.0042 
.0044 
.0028 
.0046 
.0042 

.0020 
.0004 
.0002 
.0028 
.0058 
.0054 
.0008 
.0014 

.0018 
.0060 
.0038 


.0030 


Filter- 
gallery. 


.0180 
.0186 
.0226 
.0076 
.0024 
.0010 

.0002 
.0006 
.0006 
.0028 
.0058 
.0076 
.0022 
.0054 

.0116 
.0072 
.0036 


.0084 


A  microscopic  examination  of  the  rusty  sediment  that  settles  out 
of  these  filtered  waters  on  standing,  shows  it  to  be  mainly  composed 
of  the  fungus  or  bacterium  Crenothrix.  This  thread-like  organism 
needs  for  its  life  and  growth  the  presence  of  iron  in  solution  in  its 
lower  condition  of  oxidation,  which  the  Crenothrix  in  some  way 
separates  from  the  water,  and  incorporates  into  its  sheath  in  the 
higher  condition  of  oxidation.  The  sediment  has  the  appearance  of 
hydrated  sesquioxide  of  iron,  which  it  is  in  large  proportion  ;  only 
by  the  aid  of  the  microscope  is  the  organic  nature  of  the  deposit 
revealed. 

The  presence  of  organic  matter  in  the  water  is,  of  course,  neces- 
sary to  the  growth  of  this  organism ;  and  it  is  believed  that  a  con- 
dition of  more  or  less  advanced  decomposition  of  the  organic  matter 
is  favorable  for  its  rapid  development.  This  is  what  we  might 
expect  from  the  fact  that  Crenothrix  is  properly  classed  with  the 
fungi  or  bacteria.  Given  favorable  conditions,  that  is,  a  plentiful 
supply  of  decomposing  organic  matter  in  a  water,  and,  at  the  same 
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time,  sufficient  quantity  o(  iron  in  solution  as  protoxide,  the  rate  of 
increase  of  this  organism  is  something  astounding. 

The  most  striking  instance  of  the  growth  of  Crenothrix  m  a  public 
■water  supply  ia  the  one  well-known  aa  the  "water  calamity"  in 
Berlin,  where  the  water  supply  derived  from  wells  sunk  near  Tegel 
Lake  had  to  he  abandoned  from  this  cause. 

During  the  summer  months  the  water  from  the  Wayland  filter^ 
gallery  often  contains  such  a  large  quantity  of  this  iron  organism 
{which  increases  in  amount  in  the  pipes  as  the  water  passes  from  the 
filter  to  the  village)  that  it  is  rendered  practically  unfit  for  use.  In 
the  two  other  cases  of  imperfect  filtration,  namely,  Arlington  and 
Whitman,  CyenoUivix  is  at  times  found  ahundantly,  but  it  does  not 
often,  in  these  filtered  waters,  give  rise  to  the  aerious  annoyance 
which  it  occasions  in  the  Wayland  water. 

Crenothrix  thrives  best  in  the  warmer  months,  as  might  be 
expected,  since  the  higher  temperature  is  favorable  to  the  rapid 
decomposition  of  oi^anic  matter ;  but  a  glance  at  the  records  of  the 
microscopic  examinations  of  the  three  waters  mentioned  shows  that 
it  may  be  found  in  all  months  of  the  year.  It  is  likewise  true  that 
the  free  ammonia  in  these  three  filtered  waters  is,  as  a  rule,  higher 
in  the  wai'mer  than  in  the  colder  months,  but  there  are  instances  in 
which  it  is  high  also  in  the  winter. 

The  recently  published  report,  by  Prof.  Hugo  de  Vries,  of  the 
Rotterdam  Crenothrix  Commission,  appointed  to  study  the  cause  of 
the  appearance  of  Crenothrix  in  the  Rotterdam  water  supply,*  estab- 
lishes the  fact  that  Crenothrix  is  not  a  ground-water  organism,  as 
had  hitherto  been  supposed,  but  that  it  ia  very  genei-ally  distributed 
in  surface  waters,  and  only  becomes  an  annoyance  by  its  rapid  mul- 
tiplication when  the  two  necessary  conditions  co-exist;  .namely, 
decomposing  organic  matter  in  the  water,  together  with  Iron  iu  the 
state  of  protoxide.  These  two  conditions  are  seldom  found  in 
surface  waters  exposed  to  the  air,  but  in  cases  of  rapid  imperfect 
filtration  they  may  readily  co-exist. 

In  former  investigations  of  this  subject  the  chemical  analyses  of 
the  surface  and  filtered  waters  have  been  insufficient  to  give  any 
clue  to  the  changes  in  the  composition  of  the  waters,  under  the  con- 
ditions of  rapid  and  imperfect  filtration.     The  analyses  which  wft 


•  Tlie  resJer  1>  rercired  lo  an  exbaDttive  oitfcle  on  Crenothrix  In  water  soppllei,  bj  Prof,  W, 
T,  Sedgwick,  in  ihe" Technology  Quanorly"  (Boiton)  for  DecBinbor,  1890,  wbidi  mntalng  * 
y  of  llila  re|iDn, 
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now  po8sess  of  the  waters  of  Arlington,  Wayland  and  Whitman 
throw  much  new  light  on  this  subject.  The  very  striking  increase 
of  the  free  ammonia  in  these  cases  of  imperfect  filtration  has  already 
been  mentioned.  This  points  to  decomposition  in  progress  either 
of  the  organic  matter  in  the  water  itself,  or  of  that  contained  in  the 
porous  media  through  which  the  water  filters.  In  this  decomposi- 
tion of  organic  matter  the  oxygen  dissolved  in  the  water  is  used  up, 
and  under  these  conditions  the  iron  in  solution  as  sesquioxide  is 
reduced  to  the  protoxide,  and  thus  both  of  the  necessary  con- 
ditions for  the  rapid  multiplication  of  the  Crenoihrix  are  brought 
about.  Furthermore,  the  absence  of  light  where  these  changes  are 
going  on  is  favorable  for  bacterial  growth.  More  study  of  the  sub- 
ject is  needed,  to  determine  the  cause  of  this  rapid  decomposition 
of  the  organic  matter  in  rapid  filtration,  and  also  to  ascertain  whether 
the  presence  of  Crenothrix  has  any  influence  in  promoting  this 
decomposition.  But  the  above  theory  of  the  cause  of  the  rapid 
development  of  Crenothrix^  in  the  three  cases  under  consideration,  is 
consistent  with  the  facts  which  we  now  possess  on  this  subject. 

In  the  case  of  ground  waters  which  are  perfectly  filtered,  in  which 
practically  all  the  organic  matter  has  been  removed  by  oxidation  as 
the  result  of  intermittent  filtration,  or  by  long  contact  with  porous 
strata  in  continuous  filtration,  we  do  not  have  trouble  from  Creno- 
thrix^ nor  do  wo  have  evidence  of  recent  decomposition  in  the 
presence  of  free  ammonia. 

It  is  true  that  the  biological  records  in  the  preceding  pages  show 
the  occasional  presence  of  Crenothrix  in  considerable  quantity, 
in  other  ground-water  supplies  than  those  we  have  been  considering. 
In  such  cases  it  mav  bo  that  the  conditions  of  filtration  were  at  the 
time  imperfect,  or  that  subsequent  decomposition  had  been  in  prog- 
ress, since  we  not  infrequently  find  that  Crenothrix  increases  in 
the  dead  ends  of  the  pipes. 

Notwithstanding  the  general  distribution  of  Crenothrix  in  natural 
surface  waters,  the  cases  in  which  serious  annoyance  arises  from  its 
abundant  growth  are  comparatively  few.  This  is  doubtless  due  to 
the  fact  that  there  is  lacking  the  coincidence  of  the  two  conditions 
necessary  for  its  life,  namely,  decomposing  organic  matter  and  iron 
in  solution  as  protoxide. 

The  generally  accepted  statement  that  good  ground  waters  are 
free  from  bacteria  finds  confirmation  in  the  results  of  the  bacterial 
examinations  which  have  been  made  of  some  of  the  waters  of  wells 
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and  filter-galleries  of  the  State.  It  has  been  found  that  those  waters 
which  are  shown  on  chemical  examination  to  have  been  well  purified 
by  filtration  are  nearly  or  quite  free  .from  bacteria,  notwithstanding 
the  fact  that  the  waters  before  filtration  may  have  been  polluted 
and  contained  bacteria  in  large  quantities.  This  statement  applies 
only  to  waters  in  covered  wells  and  galleries  which  have  not  been 
exposed  to  the  air. 
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ENGINEER  OF  THE  BOAKD. 


THE  POLLUTION  OF  STREAMS. 


There  are  many  instances  in  which  sewage  is  discharged  into  a 
stream  without  producing  a  degree  of  pollution  which  is  apparent  to 
the  senses,  or  which  is  seriously  objectionable  where  the  stream  is 
not  used  for  the  purposes  of  domestic  water  supply.  On  the  other 
hand,  it  frequently  happens  that  a  stream  receives  so  much  sewage 
that  it  becomes  very  foul  and  offensive  to  those  living  near  it. 

The  dividing  line  between  these  two  conditions  must  always 
remain  somewhat  indefinite,  both  on  account  of  a  difference  of 
opinion  as  to  what  degree  of  pollution  is  permissible,  and  because  of 
the  great  ditference  in  the  conditions  at  different  places,  such  as,  for 
instance,  the  character  of  the  sewage ;  the  fluctuations  in  the  flow  of 
the  stream,  occasioned  by  its  use  for  mill  purposes ;  the  existence 
of  mill  ponds  in  which  sewage  deposits  may  accumulate ;  and  the 
presence  of  population  along  the  banks  below  the  point  where  the 
sewage  is  discharged.  At  the  present  time  the  dividing  line  is 
rendered  still  more  indefinite  by  a  lack  of  information  as  to  the 
effect  of  a  given  quantity  of  sewage  upon  a  given  quantity  of  water. 

The  investigation  of  the  rivers  in  Massachusetts  furnishes  some 
information  upon  this  subject,  which  will  be  presented  in  this  section. 

There  are  some  instances  in  which  the  polluting  matter  from 
factories  is  more  important  in  its  visible  effect  upon  a  stream 
than  domestic  sewage ;  but  in  a  great  majority  of  cases,  where  the 
population  is  provided  with  sewers  discharging  into  a  stream,  the 
domestic  sewage  is  the  controlling  factor.  In  attempting  to  deter- 
mine a  permissible  ratio  between  the  amount  of  sewage  and  water, 
we  are  confronted  by  another  trouble  ;  namely,  the  variable  amount 
of  polluting  matter  contained  in  sewage  from  different  communities  ; 
but,  as  this  is  due  to  the  different  amounts  of  water  used  in  different 
places  rather  than  to  variations  in  the  amount  of  polluting  matter 
contributed  per  person,  this  diflSculty  will  be  avoided  if  we  adopt 
as  a  basis  for  calculations  the  relation  of  the  population  to  the 
quantity  of  water  flowing  in  the  stream.  The  volume  flowing  in 
streams  is  commonly  expressed  in  cubic  feet  per  second ;  but,  in 
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adopting  this  as  a  unit,  it  is  necessary,  in  order  to  avoid  too  small 
quantities,  to  make  the  unit  of  population  1,000. 

The  quantity  of  water  which  will  dilute  the  sewage  of  1,000  per- 
sons suflSciently  to  render  it  unobjectionable  for  all  purposes  except 
drinking  can  be  determined  by  two  methods :  first,  by  actual  experi- 
ence in  the  discharge  of  sewage  into  streams,  where  the  population 
connected  with  the  sewers  and  the  volume  of  water  flowing  in  the 
stream  are  known  ;  and,  second,  by  determining  by  chemical  analysis 
the  composition  of  the  water  of  a  stream  which  has  been  polluted 
by  sewage  to  the  greatest  permissible  extent,  and  then  determining 
by  calculation  what  relation  of  population  to  volume  of  water  will 
produce  the  same  composition. 

The  effect  which  the  sewage  of  a  given  population  may  l>e 
expected  to  produce  upon  the  composition  of  the  water  into  which  it 
is  dischar<jed  will  be  understood  best  if  the  second  method  is  first 
discussed.  In  order  to  make  the  calculations  there  referred  to,  it  is 
necessary  to  know  the  actual  amount  of  one  or  more  constituents 
contributed  to  sewage  per  inhabitant,  which  can  be  determined  best 
from  analyses  of  sewage  where  the  contributing  population  and  the 
quantity  of  sewage  are  known,  together  with  the  corresponding 
analysis  of  the  water  supply  which  by  the  pollution  became  sewage. 
These  data  are  accessible  in  the  report  of  the  Royal  Commission  on 
Metropolitan  Sewage  Discharge,  1884,  which  contains  181  analyscv^^ 
made  by  Mr.  W.  J.  Dibden  of  samples  collected  so  that  the\'  would 
fairly  represent  the  average  London  sewage,  and  in  the  monthly 
reports  of  the  water  supply  of  the  metropolis.  Estimating  from  the 
population  and  the  dry-weather  flow  of  sewage  at  this  time,  the 
volume  ecjualled  37  United  States  gallons  per  person  per  day  ;  but, 
in  order  to  allow  for  a  little  rain-water  at  the  time  when  some  of  the 
samples  were  collected,  the  average  volume  is  estimated  at  40  gallons 
per  person  per  day,  equal  to  333  pounds. 

The  analysis  of  this  sewage  and  the  corresponding  average  analysis 
of  the  water  supplied  to  London  at  the  same  time  are  as  follows,  the 
figures  given  representing  parts  per  100,000  :  — 


Free        ;'  Albuminoid      Dissolved 


Ammonia.  I  Ammonia. 

I 


Solids. 


Sewage, 

Water, 

Difference 


Chlorine. 


4.5160 

0.5471 
0.0078 

84.7 
27.  :> 

15.0 

0. 

1.62 

4.5160 

0.5393 

57.2 

13.38 
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These  differences  represent  the  matter  added  to  the  water  to 
make  it  sewage,  and  from  them  and  the  known  weight  of  sewage 
per  person  (333  pounds)  the  absolute  amount  of  each  of  these  con- 
stituents contributed  per  person  may  bo  estimated  with  the  following 
results :  — 


Freo  Ammonia. 

.015  pounds. 


Albamlnold  Ammonia. 

.0018  pounds. 


Dluolved  Solid*. 

.  191  pounds. 


Chlorine. 

'.045  pounds. 


The  volume  of  sewage  with  the  corresponding  population  and 
analyses  are  not  available  in  any  other  place  where  the  sewage  is  of 
normal  character,  except  London  ;  but  the  relative  amounts  of  the 
different  constituents  can  be  determined  at  other  places,  as,  for 
instance,  at  Lawrence  artd  Worcester,  Mass.  The  average  analyses 
of  water  and  sewage  at  Lawrence,  as  given  on  pp.  183  and  538,  are 
as  follows,  the  figures  representing  parts  per  100,000  :  — 


Free        j  Albuminoid 
Ammonia.      Ammonia. 


DlRsolved 
8<>lidi. 


Sewage,     . 

Water, 

Difference, 


1.8202 
.0014 


1.81S8 


35.63 
3.83 


31.80 


Chlorine. 


5.25 
0.21 


5.04 


Analyses  of  Worcester  sewage,  made  in  1872,  and  i-ecent  analyses 
of  the  water  supply,  are  as  follows  :  — 


Free 
Ammonia. 


Sewage,     . 

Water, 

Difference, 


1.8760 
.0020 


1.8740 


Albuminoid     DiRXolved    i    r^,^...^  ^ 
Ammonia.         Solids.      !    Chlorine. 


I 


.3160 
.0158 


.3002 


25.35 
2.65 


22.70 


4.17 
.14 


4.03 


If  at  each  of  these  three  places  the  amount  of  free  ammonia  is 
assumed  as  the  unit,  the  ratio  of  the  other  constituents  to  it  is  as 
follows  :  — 


Fn'e 
Ammonia. 


Albuminoid 
Ammonia. 


Dissolved 
Solids. 


Chlorine. 


LondoD,    . 

Lawrence, 

Worcester, 


1 

0.12 

12.7 

!          1 

0.29 

17.5 

1 

0.16 

12.1 

3.0 
2.8 
2.2 
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If  the  amount  of  free  ammonia  contributed  per  person  at  each  of 
these  places  is  the. same  as  at  London,  then,  by  calculation  from 
these  ratios,  the  amount  of  each  of  the  other  constituents  would  be  :  — 


rocxDt. 


London,     . 

Lawrence, 

Worcester, 


.016 
.015 
.015 


.0018 
.0043 
.0024 


.191 
.262 
.181 


.045 
.043 
.033 


Making  an  average  of  the  above  by  allowing  the  observations  at 
London  and  Lawrence  full  weight,  and  those  at  Worcester  half 
weight,  the  quantities  given  below  are  obtained,  which  may  be 
adopted,  for  fuither  calculations,  as  the  standard  amounts  of  each  of 
these  constituents  contributed  daily  per  inhabitant  to  change  water 


into  sewage : 


Free  Ammonia. 

.015  pounds. 


Albuminoid  Ammonia. 

.003  pounds. 


Dissolred  .Solids. 

.218  pounds. 


Chlorine. 

.042  pounds. 


Using  these  figures  as  a  basis,  we  may  determine  the  parts  per 
100,000  of  each  of  these  constituents  added  to  water  to  make  sewasre 
of  different  degrees  of  dilution.  In  most  cases  the  amount  of  each 
originally  contained  in  the  water  is  so  small  that  it  may  bo 
neglected,  in  which  case  the  calculated  quantity  will  represent  the 
actual  composition  of  the  sewage. 

Calculated  Composition  of  Sewage  of  Different  Degrees  of  Dilfdion. 

[PartH  per  100,000.] 


— 

Volume  of  Water 

—           _           _ 

Ammonia. 

DIr8(»1vo<1 
Solids. 

_. 

per  caiiila. 
((Jnlloiis). 

Free. 

1 

1         Albuminoid. 

Chlorine. 

40 

4.50 

.90 

65.4 

12.6 

50 

3.60 

.72 

52.3 

10.1 

00 

3.00 

.60 

1 

45.3 

8.4 

70 

2.57 

.52 

37.4 

7.2 

KG 

2.25 

.45 

32.7 

6.3 

90 

2.00 

.40 

29.1 

5.6 

100 

1.80 

.36 

26.2 

5.0 

120 

1.50 

.30 

21.8 

4.2 

150 

1.20 

.24 

17.4 

1 

3.4 

1889.J 


WATER  SUPPLY  AND  SEWERAGE. 


789 


If  the  above  table  is  continued  so  as  to  include  much  greater 
degrees  of  dilution,  then  we  have  presented  the  conditions  which 
obtain  when  sewage  is  discharged  into  streams.  In  this  case,  how- 
ever, as  the  dilution  becomes  greater  and  the  effect  of  the  polluting 
matters  of  the  sewage  less  and  less  marked,  it  becomes  more  neces- 
sary to  take  into  account  the  original  composition  of  the  water  with 
which  the  sewage  is  mingled.  In  addition  to  this  no  allowance  is 
made  for  the  loss  of  free  and  albuminoid  ammonia,  which  some- 
times takes  place  when  sewage  is  highly  diluted,  as  will  be  shown 
subsequently. 

Amounts  of  Ammonia,  Dissolved  Solids  and  Chlorine  added  to  Streams  by  Domestic 
Sewage  for  Various  Ratios  of  Population  to  Quantity  of  Water  flotoing, 

[Parti  per  100,000.] 


VoLCMK  OF  Water. 

AXMOMIA. 

DissoWed 
SoUda. 

Cubic  Feet  per 

Second  per 
1,000  rersons. 

Oalloni  per 

CaptU 

per  Day. 

Free. 

Albuminoid. 

Chlorine. 

0.5 
1.0 
1.5 
2.0 

323 

640 

060 

1,202 

.5580 
.2700 
.1860 
.1305 

.1114 
.0567 
.0371 
.0278 

8.10 
4.06 
2.70 
2.02 

1.56 
.78 
.52 
.80 

2.5 
3.0 
4.0 
5.0 
6.0 
7.0 

1,615 
1,038 
2,584 
8,230 
3,876 
4,522 

.1116 
.0030 
.0607 
.0568 
.0465 
.0300 

.0223 
.0186 
.0130 
.0111 
.0003 
.0080 

1.62 
1.86 
1.01 
0.81 
0.67 
0.58 

.81 
.26 
.10 
.16 
.13 
.11 

8.0 
0.0 
10.0 
15.0 
20.0 
30.0 
40.0 
50.0 
100.0 

5,168 

5,814 

6,463 

0,604 

12,026 

10,380 

25,852 

32,315 

64,630 

.0340 
.0310 
.0270 
.0186 
.0130 
.0003 
.0070 
.0056 
.0028 

.0070 
.0062 
.0056 
.0037 
.0028 
.0010 
.0014 
.OOU 
.0006 

0.61 
0.46 
0.40 
0.27 
0.20 
0.18 
0.10 
0.08 
0.04 

.10 
.00 
.08 
.05 
.04 
.03 
.02 
.02 
.01 

In  order  to  make  practical  use  of  this  table  in  determining  the 
greatest  amount  of  domestic  sewage  which  can  be  turned  into  a 
stream  without  making  it  offensive,  it  is  necessary  to  compare  the 
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calculated  analyses  of  the  table  with  observed  analyses  of  polluted 
streams.  In  making  such  comparisons,  the  free  ammonia,  which  is 
the  characteristic  feature  of  sewage,  and  which  is  found  only  in 
extremely  small  quantities  in  unpolluted  streams,  is  the  best  index. 

The  Blackstone  River,  a  short  distance  below  the  point  where  it 
receives  the  sewage  of  Worcester,  contained  on  an  average  during 
the  two  years  ending  June  1, 1889,  0.2160  paits  per  100,000  of  free 
ammonia.  The  stream  at  this  place  is  very  foul  and  offensive.  At 
Uxbridge,  sixteen  miles  further  down  stream,  where  the  sewage  is 
further  diluted  to  a  considerable  extent  by  cleaner  water  from  the 
tributaries,  the  average  free  ammonia  was  0.1011.  The  water  at 
this  place  is  so  much  polluted  as  to  affect  its  quality  for  manufactur- 
ing purposes,  but  it  is  not  generally  offensive  to  those  living  on  tho 
banks  of  the  stream.  At  Millville,  in  the  town  of  Blackstone,  still 
further  down  stream,  where  the  dilution  is  still  greater,  the  average 
free  ammonia  is  0.0455,  and  the  river  is  inoffensive.  The  odor  of 
the  water,  however,  when  a  sample  is  agitated  in  a  bottle,  as 
observed  by  the  chemist,  is  generally  musty  and  disagreeable,  and 
on  a  few  occasions  offensive.  The  free  ammonia  at  this  place  was 
at  one  time  as  high  as  0.0896. 

Stacy's  Brook  in  Swampscott,  during  the  time  of  its  examination, 
received  much  sewage  from  the  easterly  portion  of  Lynn,  and  con- 
tained on  an  average  0.1858  parts  per  100,000  of  free  ammonia. 
The  stream  has  a  foul  appearance,  and  the  samples  generally  had 
an  offensive  odor  even  during  those  portions  of  the  year  when,  on 
account  of  the  high  flow,  the  free  ammonia  was  considerably  less 
than  the  average  above  given. 

A  single  sample  from  Pegan  Brook,  Natick,  collected  in  June, 
1889,  and  having  0.1200  parts  of  free  ammonia,  was  characterized 
by  the  chemist  as  having  a  distinctly  musty  odor  when  cold,  and  a 
strongly  n^usty  and  disagreeable  odor  when  hot. 

Samples  taken  in  September,  1888,  from  Coachlace  Brook  in 
Clinton,  which  is  a  very  foul  stream,  had  an  average  free  ammonia 
of  0.1955,  and  an  offensive  odor.  The  pollution  of  this  stream  is 
paitly  by  sewage  and  partly  by  wool-washing  refuse.  At  the  same 
time  four  samples  were  taken  from  the  mouth  of  the  south  branch  of 
the  Nashua  River,  below  Coachlace  Brook,  which  had  an  average 
free  ammonia  of  0.0264.  The  odor  of  the  samples  was  faint,  and 
the  river  did  not  have  a  noticeable  odor  when  the  samples  were 
collected.     In  one  of  the  samples  the  free  ammonia  was  0.0444. 
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Two  samples  collected  from  the  Charles  River,  below  Mllford, 
where  it  is  a  very  small  stream,  one  taken  a  week  later  than  the 
other,  in  July,  1890,  contained  respectively  .1570  and  .1320  parts 
of  free  ammonia.  The  first  had  only  a  faint  odor,  and  the  second 
was  decidedly  ofiensive.  This  case  is  introduced,  in  part,  for  the 
purpose  of  showing  that  the  amount  of  ammonia  is  by  no  means  an 
unfailing  index  of  the  amount  of  odor  from  sewage.  It  is,  however, 
the  best  index  that  wo  have  where  the  pollution  is  occasioned  by 
domestic  sewage. 

Several  instances  might  be  enumei*ated  of  streams  which  are  pol- 
luted by  sewage  so  that  the  water  contains  from  0.0100  to  0.0300 
parts  of  free  ammonia,  without  having  offensive  odors. 

It  will  be  seen  that  the  foregoing  data  are  insufficient  for  reaching 
-a  definite  conclusion,  and  a  further  study  of  the  subject  is  very  much 
needed.  In  the  mean  time,  however,  it  is  necessary  to  solve  prac- 
tical [iroblems,  and  it  is  therefore  desii*able  to  limit  the  del>atable 
ground  as  far  as  may  be  justified  by  the  observations.  For  this 
purpose  two  lines  have  been  drawn  across  the  table  on  page  789,  to 
include  those  ratios  of  population  to  volume  concerning  which  there 
may  be  doubt.  These  lines  include  volumes  from  2.5  to  7.0  cubic 
feet  per  second  per  1,000  persons,  and  free  ammonia  from  0.0399  to 
0.1116. 

With  smaller  volumes  of  water,  the  pollution  is  so  great  as  to  bo 
inadmissible.  With  larger  volumes,  the  pollution  is  so  small  as  to 
be  clearly  admissible  from  the  stand-point  of  the  offensiveness  of  the 
water.  From  other  stand-points,  however,  such  as  the  use  of  water 
for  certain  manufacturing  purposes,  the  amount  of  dilution  should 
be  greater ;  and  in  a  stream  used  for  domestic  water  supply  it  can- 
not be  said,  with  our  present  knowledge,  that  any  degree  of  dilution 
will  make  the  water  entirely  safe  for  use. 

All  of  the  foregoing  relates  to  the  pollution  of  the  water  itself, 
as  if  the  sewage  emptied  into  a  stream  of  unvarying  volume,  flowing 
with  sufficient  rapidity  to  prevent  deposits.  If,  instead,  the  sewage 
is  turned  into  a  stream  where  it  is  ponded  by  a  dam,  or  if  there  are 
ponds  on  the  stream  below  the  point  of  discharge,  the  solid  particles 
of  the  sewage  may  accumulate  and  decompose,  giving  off  offensive 
gases.  This  is  more  likely  to  occur  if  the  deposits  are  covered  with 
foul  water  in  which  the  dissolved  oxygen  has  been  used  up,  because 
the  decomposition  will  then  be  putrefactive  rather  than  a  process  of 
oxidation.     The  fluctuations  in  the  height  of  a  stream,  where  they 
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cause  large  areas  to  be  alternately  covered  with  water,  aud  left  bare, 
are  also  unfavorable  for  the  proper  di^spo&al  of  sewage.  In  sbortf 
there  ure  many  things,  such  as  the  valuations  in  the  volume  flowing 
in  a  stream  occiasioned  by  its  use  for  mill  purposes,  the  amount  and 
churacter  of  manufacturing  wastes,  and  the  subsequent  use  of  the 
water  for  different  kinds  of  manufacturing,  which  refjnire  careful 
consideration  in  each  case,  and  often  a  considerable  variation  from 
any  general  rules  which  may  be  laid  down. 

The  other  method  of  determining  the  ratio  of  population  to  flow  of 
streams,  referred  to  in  the  early  part  of  this  section  of  the  report, 
depends  upon  observations  of  the  effect  of  discharging  the  sewage  ol 
a  given  population  into  a  stream  of  known  size.  In  this  State  there 
are  but  two  streams  where  a  comparison  of  this  kind  is  practicable; 
namely,  the  Blackstono  and  Merrimack  rivers.  The  former  has 
discharged  into  it  the  sewage  of  the  city  of  Worcester,  with  an 
estimated  population,  in  1888,  of  7G,500.  The  total  population 
above  the  point  where  samples  were  collected  was  at  the  same  time 
77,500.  The  volume  of  water  flowing  in  the  river  during  working 
hours  was  determined,  but  not  the  total  quantity  flowing  in  the  whol^ 
twenty-four  hours. 

In  order  to  obtain  the  latter  quantity,  which  is  needed  for 
comparisons,  it  is  necessary  to  make  use  of  the  flow  per  square  mill 
of  drainage  area,  as  determined  by  the  actual  ineasorement  of  the 
flow  of  some  other  stream  having  a  known  drainage  area.  The 
Sudbury  Itiver  measurements  for  the  period  under  coDsideration» 
as  given  on  page  655  of  this  volume,  are  the  most  applicable  to 
this  case. 

The  average  flow  of  the  Blackstone  River  for  the  period  under 
consideration,  reckoned  upon  this  basis,  was  122  cubic  feet  per  sec- 
ond ;  and,  if  we  assume  that  the  river  received  the  sewage  of  70,000 
of  the  population,  then  the  volume  per  1,000  persons  would  lie  1.77 
cubic  feet  per  second.  The  amount  of  pollution  at  tliis  place,  lu 
already  stated,  is  much  greater  than  is  permissible.  At  Uxbridgo, 
which  is  sixteen  miles  further  down  stream,  the  flow  upon  the  basia 
above  given  is  279  cubic  feet  per  second;  and,  if  we  assume  thai 
the  sewage  of  3,000  persons  enters  the  river  between  Worcester  and 
Uxbridge,  making  a  total  of  73,000,  the  volume  flowing  per  l.OOQ 
persons  was  3.88  cubic  feet  per  second.  The  water  at  Usbridge 
was  so  much  polluted  that  its  quality  for  manufacturing  purpose^ 
was  affected,  but  It  was  not  generally  offensive  to  those  living  upoa 
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the  banks  of  the  stream.  The  amount  of  pollution  at  this  place  was 
increased  somewhat  by  the  manufacturing  refuse  turned  into  the 
river  below  Worcester. 

The  Merrimack  River  will  be  considered  with  reference  to  the 
effect  of  the  sewage  of  Lowell  upon  it.  In  this  case  observations  for 
more  than  three  years  are  available.  The  average  flow  of  the  river 
has  been  8,720  cubic  feet  per  second,  and  the  average  population  of 
Lowell  for  the  same  time  74,500 ;  hence,  the  volume  flowing  has 
equalled  117  cubic  feet  per  second,  per  1,000  persons.  If,  instead 
of  the  average  flow,  we  take  the  low- water  flow  of  2,200  cubic  feet 
per  second,  and  the  population  as  given  by  the  census  of  1890,  the 
volume  per  1,000  persons  is  28  cubic  feet  per  second.  It  will  be 
observed  that  the  former  of  these  results  represents  a  greater 
dilution  than  any  indicated  by  the  table  on  page  789,  while  the 
latter  shows  a  dilution  four  times  as  great  as  the  highest  about  which 
there  is  any  doubt.  The  discharge  of  this  sewage  into  the  river, 
added  to  that  which  has  already  entered  it  from  cities  and  towns 
above,  together  with  a  vast  amount  of  manufacturing  sewage,  has 
not  affected  the  water  enough  to  prevent  the  city  of  Lawrence,  ten 
miles  below,  from  adopting  and  maintaining  a  water  supply  from 
this  source  ;  although  the  danger  to  health  which  has  been  found  to 
exist  in  this  water  supply  has  led  the  city  authorities  to  contemplate 
the  introduction  of  water  from  a  new  source.  This  is  a  striking 
instance  of  the  extent  to  which  a  great  river  can  dilute  the  sewage 
of  a  very  large  population  ;  but  the  fact  that  the  water  is  not  worse 
than  it  is,  is  undoubtedly  due  in  part  to  the  so-called  self-purifying 
power  of  streams,  which  will  now  be  discussed. 


SELF-PURIFICATION  OF   STREAMS. 

This  subject  may  be  discussed  with  reference  to  the  subsequent 
use  for  drinking  of  water  which  has  been  polluted  by  sewage,  or 
from  the  other  stand-point  of  rendering  inoffensive  a  stream  which 
has  been  made  offensive  in  the  same  way.  In  the  case  of  the  stream 
used  for  drinking,  chemical  purification  is  less  important  than  the 
destruction  of  disease  germs,  so  that  the  purification  should  be  con- 
sidered from  a  bacterial  as  well  as  a  chemical  stand-point ;  while  in 
the  case  of  the  offensive  stream  the  improvement  is  well  indicated 
by  chemical  analysis  alone. 
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The  investigation  of  rivers  in  Massachusetts  has  been  almost 
wholly  chemical,  and  the  subject  will  therefore  be  discussed  mainly 
from  this  stand-point.  In  comparing  a  sample  of  water  taken 
from  a  stream  at  a  point  where  it  is  much  polluted  with  one 
taken  further  down  stream,  there  is  often  a  very  marked  improve- 
ment in  the  quality  of  the  water  at  the  lower  point,  owing  to  the 
dilution  caused  by  purer  tributaries,  and  by  water  filtering  into  the 
stream  from  subterranean  sources.  It  is  only  when  the  effect  of 
this  dilution  is  eliminated  that  we  can  determine  the  chemical 
changes  which  have  taken  place,  as  a  result  of  the  purifying  action 
of  the  stream. 

The  Blackstone  River  furnishes  a  good  illustration  of  a  chanije 
due  largely  to  dilution.  The  chlorine  just  below  Worcester  is  1.19 
parts  per  100,000,  while  at  Millville  it  is  but  0.46.  As  the  chlorine 
compounds  found  in  water  are  very  permanent,  this  cannot  be 
attributed  to  a  reduction  in  the  actual  amount  of  chlorine,  but  rather 
to  its  diffusion  in  a  greater  amount  of  water.  This  is  known  to  be 
the  case  in  this  instance,  as  there  is  added  to  the  water  which  flows 
past  Worcester,  before  it  reaches  Millville,  three  times  its  own 
volume  of  water  containing  much  less  chlorine. 

If,  instead  of  comparing  analyses  directly,  we  make  use  of  them  in 
connection  with  the  amount  of  water  flowing  to  determine  the  number 
of  pounds  of  each  constituent  actually  carried  by  the  river  in  a  given 
time,  we  eliminate  the  effect  of  dilution,  except  that  the  number  of 
pounds  found  at  the  lower  station  includes  not  only  the  amount  put 
in  at  the  upper  one,  with  such  modifications  as  may  be  due  to  the 
purifying  action  of  the  stream,  but  also  the  number  of  pounds  of 
each  constituent  added  at  inteimediate  points,  both  from  natural 
and  artificial  sources. 

In  the  case  of  the  Blackstone  River,  the  amount  of  impurity  in 
the  water  just  below  Worcester  is  so  great,  in  comparison  with  that 
entering  the  stream  between  this  place  and  stations  further  down  the 
stream,  that  it  is  feasible  to  reach  conclusions  of  some  value  as  to 
the  purifying  effect  of  the  stream,  without  making  any  allowance  for 
the  added  impurities.  More  accurate  results  can  be  obtained,  how- 
ever, by  making  corrections  for  the  impurities  added  to  the  river 
from  natural  sources.  This  can  be  done  with  a  fair  decree  of 
accuracy,  notwithstanding  the  fact  that  no  analyses  of  the  tributaries 
have  been  made,  because  the  quantity  of  water  brought  in  by  trib- 
utary streams  is  proportionate  to  their  watersheds,  and  the  general 
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character  of  unpolluted  surface  waters  in  this  vicinity  is  known. 
No  correction  is  necessary  in  the  case  of  the  free  ammonia,  because 
the  amount  naturally  found  in  streams  is  insignificant  when  com- 
pared with  that  entering  the  river  from  sewage.  The  correction 
for  chlorine  is  the  largest  one,  and  this  is  definitely  known  from  the 
normal  chlorine  of  this  region.  The  corrections  for  albuminoid 
ammonia  and  nitrates  are  less  accurate. 

It  has  not  been  found  practicable  to  make  a  correction  for  the  arti- 
ficial pollution,  because  the  population  sewering  directly  into  the 
stream  and  the  character  and  extent  of  the  manufacturing  wastes  are 
unknown.  In  consequence  of  the  omission  of  this  correction,  any 
purification  which  may  be  found  to  have  taken  place  between 
Worcester  and  a  point  below  occurs  notwithstanding  the  artificial 
pollution  added  to  the  stream  at  intermediate  points. 

Two  tables  are  given  below  :  the  first  shows  the  average  number 
of  pounds  per  day  of  free  and  albuminoid  ammonia,  nitrates  and 
chlorine  passing  Worcester,  Uxbridge  and  Millville  during  the  two 
years  ending  May  31,  1889  ;  the  second  table  is  the  same  as  the  first, 
except  that  the  quantities  passing  the  two  lower  stations  are  dimin- 
ished by  the  amount  of  each  constituent  naturally  brought  in  by 
tributaries  below  Worcester. 


Table  showing  the  Amounts  of  Different  Constituents  in  the  Water  which  passes 

Three  Points  on  the  Blackstone  River, 

[Pounds  per  doy.] 


LOCATION. 


Worcealer, 

TJxbrldgc, 

MillviHe, 


Ammoxia. 

Free. 

Albuminoid. 

1728 

826 

1629 

454 

1290 

734 

* 

Nitrogen  as 
Nltrutcs. 


Chlorine. 


218 
491 
611 


8630 
10406 
13166 


Total 
Nitrogen. 


.3000 
.2581 
.2891 


Same  as  Above ^  except  that  the  Quantities  at  Uxbridge  and  Millville  are  reduced  to 
allow  for  the  Impurities  naturally  brought  in  by  Tributaries  below  Worcester, 

[Pounds  per  day.] 


LOCATION. 


Ammonia. 


Free. 


Albuminoid. 


Nitrof^ren  as 
Nitrates. 


Chlorine. 


Total 
Nitrogen. 


Worcester, 
Uxbridge,  . 
Millville,     , 


1728 
1629 
1299 


826 
306 
382 


218 

8630 

426 

8738 

457 

9205 

.3000 
.2272 
.2156 
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Before  drawing  any  conclusions  from  the  tables,  it  may  I>e  well  to 
indicnto  the  liiuitntions  of  accuracy  of  these  investigatioDs.  The 
samples  collected  just  below  Worcester  were  usually  obtained  on 
week  days  in  the  latter  part  of  the  forenoon,  and  consequently 
represented  the  morning  flow  of  sewage  diluted  with  the  flow  of  the 
river  during  working  hours.  Samples  wore  taken  at  the  lower 
points  a  day  or  two  later  than  at  Worcester,  but  the  time  was  not 
sufficient  to  permit  the  water  to  pass  from  Worcester  to  these 
stations.  If  a  longer  time  had  elapsed,  there  was  greater  danger 
that  the  comparison  might  be  affected  by  iuteri'ening  rains,  which 
would  increase  the  dilution  at  the  lower  stations.  In  any  method  of 
collection  with  points  so  far  apart  on  a  stream  containing  many  mill 
ponds,  there  is  no  assursmce  that  any  given  sample  at  the  lower 
station  represents  the  day  or  night  flow  of  sewage  at  the  upper 
station.  In  view  of  these  conditions  affecting  the  accuracy  of  tha 
results,  it  is  obvious  that  too  much  stress  should  not  be  laid  upon 
small  variations  in  the  quantity  of  any  constituent,  and  it  even 
seemed  somewhat  doubtful  whether  the  average  of  observations  as 
given  in  the  taide  would  bo  trustworthy.  To  test  this  point,  the 
results  obtained  at  differeut  periods  have  been  compared.  Those 
given  in  the  table  are,  as  already  stated,  based  upon  the  analyses  of 
the  first  two  j'ears,  and  the  flow  of  the  river  as  deduced  from  tha 
areas  of  the  watersheds  above  thediflerent  points,  in  connection  with, 
the  recorded  yield  per  square  mile  of  the  watershed  of  Sudbury 
River  during  the  same  period.  The  analyses  for  the  third  year, 
June,  1889,  to  May,  1800,  inclusive,  were  next  treated  in  the  same 
way;  and  finally  the  analj'ses  from  September,  1887,  to  December, 
1888,  were  miide  use  of  in  connection  with  tho  average  flow  of  the 
river,  as  deduced  from  actual  measurements  of  the  flow  during 
■  working  hours  given  on  page  392.  The  results  obtained  in  tho 
three  cases  coiTesponded  quite  nearly,  showing  a  high  probability 
that  the  general  results  given  in  the  tables  are  trustworthy. 

Returning  to  the  second  of  these  tables,  we  find  that  the  albu- 
minoid ammonia  (which  represents  the  organic  nitrogen  both  in 
solution  and  in  suspension)  amounts  at  Worcester  to  826  pounds 
daily.  At  Uxbridge,  sixteen  mites  below,  the  quantity  is  reduced 
to  306  pounds,  showing  a  loss  of  rather  more  than  half,  which  may 
be  attributed  to  the  deposit  of  suspended  particles  and  the  decom- 
position of  a  portion  of  tho  organic  matter  in  solution.  From 
Uxbridge    to   Millvillo   the   quantity   increased   from   306   to   388 
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pounds,  which  may  be  due  to  the  growth  of  organisms  which  appro- 
priate the  free  ammonia  and  nitrates,  and  to  the  increase  from 
artificial  pollution  caused  by  the  population  and  factories  on  the 
larire  area  of  watershed  which  drains  into  the  river  below  Uxbrid<2:e. 
It  might  be  thought  that  the  increase  from  these  causes  would  be 
insufficient  to  offset  the  decomposition  of  the  organic  matter  of  the 
Worcester  sewage,  and  this  would  probably  be  the  case  were  it  not 
that  the  portion  which  still  remains  in  the  river  is  comparatively 
stable  in  character. 

The  free  ammonia,  which  is  a  product  of  decomposition  and  a 
characteristic  component  of  sewage,  decreases,  from  Worcester  to 
Uxl)ridge,  from  1,728  to  1,629  pounds.  It  is  not  probable  that 
this  represents  the  whole  loss  of  free  ammonia  which  takes  place  in 
this  distance,  because  a  considerable  amount  must  have  been  devel- 
oped below  Worcester  by  the  decomposition  of  the  dissolved  and 
suspended  organic  matter,  and  a  further  amount,  as  in  the  case  of 
other  constituents,  must  have  entered  with  the  sewage  and  other 
polluting  matters  turned  into  the  stream  at  different  points  below 
Worcester.  This  view  is  supported  by  the  increase  of  nitrogen  as 
nitrates,  from  218  pounds  at  Worcester  to  426  pounds  at  Uxbridge, 
which  is  due  to  the  oxidation  of  the  nitrogen  of  the  free  ammonia. 
From  Uxl)ridge  to  Millville  there  is  a  loss  of  330  pounds  of  free 
ammonia,  and  an  increase  of  nitrogen  as  nitrates  of  but  31  pounds. 
In  this  case  the  loss  of  ammonia  does  not  appear  to  be  occasioned  to 
any  large  extent  by  oxidation.  Some  of  the  nitrogen  is  undoubtedly 
appropriated  by  suspended  organisms,  and  some  by  fixed  plants. 

The  chlorine  shows  a  gradual  increase  from  point  to  point,  which 
is  easily  accounted  for  by  the  population  below  Worcester. 

If  we  estimate  the  total  nitrogen  at  Worcester  and  Millville,  by 
methods  which  in  this  case  are  necessarily  approximate,  we  find 
3,000  pounds  at  Worcester  and  2,156  pounds  at  Millville,  leaving 
844  pounds  daily  unaccounted  for.  A  portion  of  this  is  undoubtedly 
contained  in  the  suspended  matter,  which  settles  to  the  bottom  in 
mill  ponds  and  sluggish  places,  and  either  remains  there  or  is  swept 
down  the  stream  by  freshets,  thereby  generally  escaping  without 
being  rc{)resented  in  an  analysis.  It  is  possible  that  some  of  the 
ammonia  may  escape  into  the  air,  and  some  may  be  appropriated  by 
fixed  plants.  It  is  also  not  improbable  that  a  portion  of  the  differ- 
ence may  be  due  to  the  unavoidable  inaccuracies  in  comparisons  of 
this  kind,  as  previously  indicated. 
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If  from  this  consideration  of  details  we  turn  once  more  to  the 
general  results,  we  find  tliat  the  water  in  passing  from  Worcester  to 
Millville  loses  rnther  more  than  one-half  of  its  organic  nitrogen,  and 
that  the  remaining  portion  is  comparatively  stable.  There  is  a  losa 
of  one-fourth  of  the  free  ammonia,  caused  partly  by  the  oxidation 
of  its  components  into  nitric  acid  and  water;  but  the  striking  fact 
remains,  that,  after  a  flow  of  twenty-three  miles,  thrce-foui-tha  of 
the  free  ammonia  remains  unchanged,  notwithstanding  the  long  time 
required  for  the  water  to  pass  this  distance,  owing  to  its  slow  move- 
ment through  mill  ponds,  and  the  aeration  which  it  receives  at  the 
dams. 

It  is  known,  as  will  be  shown  subsequently,  that,  in  some  instances 
where,  by  reason  of  the  relatively  small  amount  of  sewage  dis- 
charged into  a  stream,  the  amount  of  ammonia  contributed  to  it  la 
also  small,  this  ammonia  disappears  rapidly  and  completely.  In  the 
Blackstone  River  the  absolute  quantity  which  disappears  is  large, 
but  the  proportionate  quantity  is  small.  It  may  be  that  the  acid 
liquors  turned  into  the  river  from  the  iron  works  at  Worcester  pre- 
vent a  rapid  oxidation  of  the  ammonia,  and  the  great  amount  to  be 
oxidized  may  also  be  an  important  factor. 

The  Merrimack  Kiver  furnishes  the  best  example  of  high  dilutioQ' 
of  sewage;  for,  notwithstanding  the  great  population  which  dia- 
chargea  sewage  into  it  at  Concord,  Manchester  and  Nashua,  N.  H., 
and  at  Lowell,  Lawrence  and  Haverhill,  Mass.,  the  water  is  not  at 
any  place  very  bad,  from  a  chemical  stand-point. 

By  reference  to  the  talile  on  page  446,  which  contains  the  average 
analyses  of  the  river  water  at  several  points  from  above  Nashua, 
N.  II.,  to  Haverhill,  Mass.,  it,will  be  observed  that  most  of  the  con- 
stituents increase  in  quantity,  with  a  fair  degree  of  regularity,  from, 
place  to  place  going  down  the  stream. 

Two  of  the  constituents,  namely,  the  free  ammonia  and  the 
albuminoid  ammonia  in  suspension,  are  exceptions  to  this  rule,  in 
that  their  increase  is  not  regular,  and  there  ia  in  some  instunces  a 
noticeable  decrease. 

The  free  ammonia  at  both  Lowell  and  Lawrence  is  less  below  the 
city  than  above,  notwithstanding  the  large  amount  of  ammonia 
which  is  discharged  into  the  river  in  the  sewage  of  these  cities. 
This  feature  is  shown  very  prominently  by  a  special  examination 
made  in  August,  1888,  during  a  moderately  low  stage  of  the  river, 
the  results  of  which  are  given  in  the  following  table  ;  — 
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■      ,        special  Exemination 

of  Merrimack  Biitr 

»  .iufrusi 

,  18S8. 

[P.B-pwiO0/)Q0,] 

1 

ii 

I 

^j'-:;':ztL 

..,..,.. 

1 

_5_ 

»„..... 

, 

il 

1 

i 

1 

1 

.1 

ii 

1 

AlBVf  N-«hq,,        .          . 

Aug.  16, 

DM 

s-m 

o.ao 

'.OOM 

.fllM.OlOfl 

-OOfti 

.»10 

0005 

Above  Lair«ll,       . 

Ang.  19. 

d.» 

3.8T 

..»,.., 

LmB9 

.am  .ois« 

.oon 

.22 

.00:3 

.11002 

Cnitnil  Bridge,  Lonll, 

Aug.  IT. 

D.M 

3.» 

'.0014 

.onB'.oiM 

.out 

.M 

.1™. 

.0001 

Below  Lowell,       .       . 

Aug.  1«. 

o.m 

*.H 

I.OS  3.JB 

.MM 

.aisi  -diss 

.OUO 

.27 

.W)t3 

ooos 

AboTff  IjiwrroK, .       . 

Aog.  n. 

D.IE 

s.es 

0.17 

t.w 

.«0«3 

.0101 

.0142 

.0090 

.« 

.0107 

.0001 

Aug.  IT. 

O.K 

4.11 

a.tH 

3.  IT 

.oocu 

.tffU 

.OISB 

.OMi 

.U 

.MTO 

.0003 

Abon  HkVfTliIlL,  . 

Aqg.  IT, 

o.a 

4.3: 

l.OI 

..»> 

.0031 

-oais 

.OIW 

.0071 

.V> 

■•" 

.000a 

Tlie  table  shows  the  free  ainmonm  above  Lowell  to  be  .0022  parts 
per  100,000,  and  that  below  Lowell  .0004.  The  volume  of  water 
flowing  in  the  river  at  the  time  was  5,000  cubic  feet  per  second, 
equal  to  70  cubic  feet  per  second  for  every  1,000  inhabitants  in 
Lowell.  By  estimates  made  upon  the  same  basis  as  the  table  on 
page  78i),  we  find  enough  free  ammonia  in  the  sewage  to  have  added 
to  that  in  the  river  .0040  parts  per  100,000;  we  have  therefore  a 
total  of  ,0062  parts  of  free  ammonia  which  should  be  found  below 
Lowell  if  there  was  no  loss  ;  bat  in  some  way  all  of  this  has  been 
removed  except  .0004.  The  river  water  after  receiving  the  sewage 
of  the  city  runs  over  long  rapids  known  as  Hunt's  Falls  to  the 
sampling  place  below  Lowoll. 

It  might  be  thought  that  the  loss  of  free  ammonia  was  caused 
by  the  aeration  of  the  water  during  its  passage  over  these  falls ;  but 
this  cannot  be  the  case  because  a  similar  loss  occurs  at  Lawrence 
where  there  is  no  fall  in  the  river  below  the  point  where  the  sewage 
enters  it.' 

The  amount  of  free  ammonia  remaining  in  the  water  just  below 
the   cities   is,  as  above   indicated,   very  small,   but  increases  to  a 


•  An  examination  of  the  water  abo»e  and  telow  Niagara  Falls,  mado  In  July,  1890,  \ij  Dr. 
Albert  R.  Leeds,  ehowed  tbat  the  aeration  of  the  water  during  tbe  pUMge  over  tbe  falli  did 
Qot  cauBO  anj  decrease  In  ibe  free  ammonia,  —tbe  amoant  being  .0096  parta  per  100,000  above 
and  .0099  below.  Tbe  albamlnold  ammonia  was  .0110  aboTe  and  .0109  below,  tbe  oxygen  con- 
tamed  ftom  potasalam  permanganate  .2280  at  botb  place*.— /ounuIo/tAt^Bimean  Chimical 
Sotitiy  i  New  Toik,  November,  1890. 
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marked  extent  ua  the  water  flows  more  sluggishly  to  points  further 
down  stream.  This  feature  is  noticeable  in  the  average  analyses  m 
the  table  on  page  44fi,  but  is  more  strikingly  illustrated  by  the 
special  examination  presented  in  the  table  on  the  preceding  page, 
where  the  free  ammonia  is  but  .0004  below  Lowell  ami  increases  to 
.0043  before  reaching  Lawrence.  This  increase  does  not  represent 
free  ammonia  which  was  contained  as  such  in  the  sewage,  although  it 
may  have  its  origin  in  decomposing  organic  matter  discharged  into 
the  river  in  the  sewage  and  manufacturing  wastes. 

The  increase  in  the  amount  of  albuminoid  ammonia  from  place 
to  place,  which  is  indicated  by  both  of  the  tables,  shows  a  greater 
pollution  at  the  lower  stations.  This  fact,  however,  should  not  lead 
us  to  infer  that  no  purification  takes  place,  because  the  increase  may 
represent  only  a  part  of  the  organic  matter  discharged  into  the 
stream.  Upon  this  point  the  infoi-malion  which  is  necessary  to 
enable  any  definite  conclusions  to  be  drawn  is  wanting. 

Whether  the  purification  of  the  stream  as  indicated  by  the  rapid 
decrease  of  free  ammonia  below  the  cities  is  any  indication  of  a 
decrease  in  the  number  of  disease  gemis  cannot  be  asserted  ;  indeed, 
there  does  not  seem  to  be,  in  tliis  case,  any  necessary  connection 
between  the  two  ;  and  we  do  not  find  that  there  is  any  correspond- 
ing destruction  of  the  organic  matter  which  the  sewage  brought  into 
the  stream. 

A  somewhat  remarkable  example  of  rapid  conversion  of  the 
nitrogen  compounds  found  in  a  polluted  water  into  other  forms  of 
nitrogen  is  furnished  at  Framingham,  where  the  water  of  the  undcr- 
draiu  of  the  sewerage  system  enters  and  mingles  with  Beaver  Dam 
Brook,  a  tributary  of  Lake  Cochituate.  The  underdrain  is  laid  at  a 
lower  level  than  the  sewers,  in  order  to  reduce  the  level  of  the 
ground  water  and  to  prevent  its  liltration  into  the  sewers,  which 
would  increase  the  amount  of  sewage  to  bo  pumped  and  purified  by 
the  system  of  intermittent  filtration  adopted  at  this  place.  That 
there  is  no  leakage  from  the  sewer  into  the  underdrain  is  indicated 
by  the  fact  that  its  water  contains  no  more  free  ammonia  since  sew- 
age has  been  admitted  to  the  sewer  than  was  found  before  the  sewers 
were  used. 

The  large  amount  of  chlorine  contained  in  the  water  of  the  under- 
drain shows  that  it  derives  a  part  of  its  water  from  cess-pools,  which 
were  in  general  use  before  the  sewerage  system  was  built,  and  are 
still  used  in  many  instances.     Its  high  contents  of  free 
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also  indicate  that  this  water  coming  from  cess-pools  is  imperfectly 
purified.  The  water,  however,  is  colorless  and  clear,  and  as  it 
issues  from  the  mouth  of  the  underdrain  contains  many  reddish 
brown  flocks  of  CrenothriXy  which  rapidly  deposit  in  the  more 
sluggish  current  of  the  open  channel  through  which  the  water  flows 
to  Beaver  Dam  Brook.  A  series  of  observations  was  made  Aug.  8, 
1890,  when  the  brook  was  extremely  low  and  the  water  in  it  flowed 
sluggishly  through  a  luxuriant  growth  of  aquatic  plants.  The  flow 
of  the  brook  after  receiving  the  stream  from  the  underdrain  was 
made  up  of  45  per  cent,  of  water  from  the  underdrain  and  55  per 
cent,  of  water  from  the  brook.  The  following  table  contains  the 
analyses  made  at  this  time  :  — 


Analyses  of  Water  from  the  Framingham  Underdrain  and  from  Beaver  Bam 

Brook  above  atid  below  it,  made  Aug,  8, 1890* 

[ParU  per  100,000.] 


• 

s 
-c 

o 

5 

Amjcoxla. 

NlTKOOKN   AH 

1 

▲LBUMIXOID. 

Nitrates. 

• 

m 
9, 

a 

Sample  Collected  fbom 

Dis- 
solved. 

Sus- 
pended. 

1 

Beaver  Dam  Brook,  above  entrance  of  stream  from 

underdrain 

0.77 

.0018 

.0146 

.0022 

.0125 

.0001 

i.0427 

Underdrain  at  oatlet, 

3.02 

.0048 

.0058 

.0000 

.6000 

.0036 

.6665 

• 
Brook.  300  feet  below  entrance  of  stream  from  un- 

derdrain,      

2.20 

.0236 

.0100 

.0002 

.2200 

.0023 

.2586 

Mouth  of  brook  proper,  1  mile  below  underdrain,   . 

2.02 

.0016 

.0134 

.0018 

.2000 

.0005  ' 

t 

.2276 

Estuary  of  brook,  1,700  feet  below  Its  mouth,  . 

l.M 

.0024 

.0302 

.0450 

.0200 

.0010  ; 

.1664 

Estuary  of  brook,  2,100  feet  below  its  mouth,  . 

1.30 

.0044 

.0286 

.0240 

.0200 

.0012 

.1214 

The  analysis  of  the  sample  collected  from  the  brook  300  feet 
below  the  entrance  of  the  stream  from  the  underdrain  shows  very 
nearly  the  result  which  might  be  expected  from  mixing  the  waters  if 
no  chemical  changes  occurred.  At  points  further  down  stream  there 
is  a  gradual  reduction  in  the  amount  of  chlorine,  owing  to  dilution ; 
but  there  are  vastly  greater  changes  in  the  nitrogen  compounds.  At 
the  mouth  of  the  brook,  one  mile  from  the  underdrain,  very  nearly 
all  the  free  ammonia  added  by  it  has  disappeared,  with  a  slight 
increase  in  albuminoid  ammonia  over  the  amount  due  to  the  admix- 
ture of  the  waters.  The  nitrates  do  not  show  any  marked  change 
until  the  estuary  of  the  brook  is  reached,  when  they  are  reduced 
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from  .2000  to  .0200  parts  per  100,000.  This  reduction  was  caused 
by  an  enormous  growth  of  Anaboena^  Synedra  and  Zoospores^ 
together  with  many  other  organisms  in  smaller  numbers.  These 
changes  made  the  water  in  the  estuary  turbid  and  green,  and  con- 
sequently unfit  for  drinking,  on  account  of  its  bad  taste,  odor  and 
appearance. 

It  will  be  seen  from  the  foregoing,  that,  in  flowing  from  the  out- 
let of  the  underdrain  to  the  lake,  the  nitrogen  compounds  are 
radically  transformed  by  organic  growths ;  and  it  seems  reasonable 
to  conclude  that  this  means  the  destruction  of  substances  undergoing 
decomposition  which  were  contained  in  the  water  of  the  under- 
drain.  We  may,  therefore,  from  a  health  stand-point,  class  this  as 
an  instance  of  self-purification  of  streams,  even  though  the  water 
is  temporarily  rendered  obnoxious  by  the  organisms  which  have 
effected  the  change. 
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A. 

Paor 

Abbajona  river, 36 

Abington,  Satucket  river, 496 

Abington  and  Hockland : 

description  of  water  works, 6 

analyses  of  water, 7 

temperature  of  water, 661 

references  to, 085,  746 

Accord  pond,  Iliugliam, 148-150 

See  also  Uinyham, 

Acushnet  reservoir.  New  Bedford  water  works, 237-240 

See  also  New  Bedford. 

Adams : 

water  supply  of  South  Adams  fire  district, 7-8 

description  of  works, 7-8 

analyses  of  water, 8 

references  to, 683,  684 

Hoosac  river  at,        . 422,  426 

Aeration,  references  to, 723,  724,  798,  799 

Aga warn,  water  supply  of, 9,  703 

Air,  temperature  of, 659 

normal  montlily  temperature  of, 663 

Albuminoid  ammonia.     See  Ammoniay  Albuminoid. 

ALG.G : 

report  upon,  by  G.  H.  Parker,  biologist, 679-620 

effect  of,  on  chemical  analysis, 687 

growth  of,  in  open  reservoirs  supplied  from  ground  water  sources,  660, 730-734 
growth  of,  in  certain  ponds  and  storage  reservoirs,       .  .        770-773 

relation  of,  to  tastes  and  odors,       .        .        .  667-669,  683-587,  747,  748 

found  in  waters  of  Boston,  Charlestown  and  Cambridge,      .        .       587-597 
See  also  Organisms. 

Alkalinity  of  waters, 624 

Amesbury,  water  supply  of, 9-11 

Amethyst  l)rook  storage  reservoir,  Pelham, 11-12,684 

Amherst,  water  supply  of, 11-12,684,702 

AilMONIA,  ALHrMINOID: 

method  of  determination  of, 523-526 

interpretation  of,  in  surface  waters, 546 

relation  of,  to  color, 567 
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Ammoxia,  Albuminoid  —  Concluded. 

relation  of,  to  tastes  and  odors, 687,  747 

relation  of,  to  organic  nitrogen, 627,  549 

effect  of  storage  upon, 738-740 

permanence  of,  In  brown  waters, .        .647 

amount  of,  added  to  streams  by  domestic  sewage,  ....      789 

amount  of,  per  Inhabitant  in  sewage, 786-788 

In  unpolluted  waters, 686,  687 

in  rain-water, 663,  664 

in  Jamaica  pond  at  different  depths, 754-764 

Ammonia,  Fkee  : 

method  of  determination  of, 523-526 

interpretation  of,  in  surface  waters, 650-556 

effect  of  storage  on, 738-740 

seasonal  distribution  of, 551 

amount  of,  added  to  streams  by  domestic  sewage, 789 

amount  of,  per  Inliabltant  In  sewage, 786-788 

in  unpolluted  waters, 687 

In  rain-water, 563,  564 

diagram  showing  average  of,  In  forty  ponds  and  reservoirs  for  two 

years,       ............       555 

in  Jamaica  pond  at  different  depths, 754-765 

Anabffina,  growth  of,  in  ponds  and  reservoirs, 770 

seasonal  distribution  of, 597 

in  Jamaica  pond, 763,  764 

in  storage  reservoirs  at  Springfield,  Brockton  and  Leominster,      .        .      770 
Analysis,  Chemical: 

explanatorj'  note  on, 3-5 

of  water  supplies    and    inland   waters,  arranged    alphabetically    by 

towns,     ............  o — oi8 

of  rivers,  arranged  alphabetically  by  river  basins,  ....        379-516 

of  rain-water, 562 

of  sewage, 538,  786-789 

of  normal  and  polluted  surface  waters, 540,  541 

description  of  bottles  used  in  collecting  samples  for,      .        .        .      519,  520 

instructions  for  collecting  samples  for, 620,  521 

transportation  of  bottles  used  in  collecting  samples  for,         .        .        .      520 

relation  of,  to  the  bacteria  in  water, 575 

effect  of  sewage  on, 688-GOO 

effect  of  organic  matter  on, 686,  687 

method  of  determination 

of  free  ammonia, 523-526 

of  albuminoid  ammonia, 523-526 

of  organic  nitrogen,  .         . 526,  627 

of  nitrogen  as  nitrates, 528 

of  nitrogen  as  nitrites, 627,  628 

of  chlorine, 628,  529 

of  turl)idity, 532 

of  vsediment, 532 

of  color, 631,  532 

of  odor, 631 


INDEX.  807 

Pagk 

Analysis,  Chkmical  —  Conclwlod. 

methoU  of  determiuatlon  of  residue  on  evaporation,       .        .       520-531 

of  loss  on  Ignition, 529-531 

of  hardness, 531 

Interpretation 

of  the  chemical  analysis  of  surface  waters,  .  .  539-560,  C86-C94 
of  the  chemical  analysis  of  ground  waters,  .  .  609-577,  702-707 
of  chlorine  in  water,  ....  642-545,  679-G82,  706,  707 

Animals.     See  Organisms, 

Arlington : 

description  of  water  works, 13-16 

analyses  of  water, 13-16 

references  to, G^Q,  699,  704,  705,  713,  714,  745,  777-779 

Middlesex  Aqueduct  Company, 16 

Spy  pond, 17 

Little  Spy  pond, 17 

Mystic  lake, 35-37,  59,  60 

Artesian  wells.     See  Wells, 

Ashburnham : 

water  supply  of, 17,  18,  702 

upper  Naukeag  pond, 19,749 

Ashland,  reservoir  4,  Boston  water  works, 30-32,  38-42 

See  also  Bftston^  Cochituate  xcorks. 

Ashley  lake,  Washington, 268,  269 

See  also  Pittsjield, 

Ashley  pond,  Ilolyoke, 162-153,  156-157,  684,  745 

Ashley  reservoir, 268-270,  683 

See  also  PUtsfiehl. 

Assabet  river, 410-414 

Assawompsett  pond,  Lakeville, 172,  226,  495,  496,  745 

Athol,  water  supply  of, 19-22,  684,  746 

Attleborougli : 

water  supply  of  Attleborough  fire  district,      .        .        .     22-25,705,710,711 
Ten  Mile  river  at, 611,513,514 

Avon : 

proposed  water  supply  of, 25 

Salisbury  brook  reservoir,  Brockton  water  works,         ....  73-75 
See  also  Brockton, 

Axe  Factory  brook,  Ludlow, 297 

Ayer : 

water  supply  of, 25-27,  705,  708 

Sandy  poud, 28 

B. 

Bacteria  : 

relation  of,  to  chemical  analysis 535,  557 

in  ground  waters, 674,  575,  781,  782 

In  streams, 557 

danger  of  using  contaminated  water, 537,  538 

typhoid  fever  at  Lawrence, 694 

destruction  of,  by  nitrification  and  filtration,  ....       709,  781,  782 
references  to, 634,  536,  553,  701,  702,  716 
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Darustable,  Nine  Mile  pond, 2d 

*'  Basin,  Tlie,"  Sterling,  Clinton  water  works,       ....        101-103,  684 

Bassctt  brook  reservoir,  Adams, 7,  8,  683 

Beaver  brook.  Canton, 93 

Beaver  brook,  Dracut, 115 

Beaver  brook,  East  Bridgewater, 497,499,500 

Beaver  Dam  brook,  Natick,  Boston  water  works, 49-50 

Beaver  pond,  Franklin, 131,133 

Beaver  pond,  Lincoln, 87 

Belchertown,  Broad  brook, 297,  302 

Belchertown  reservoir,  Springfield  water  works, 297 

Belmont : 

water  supply  of, 28 

See  also  Watertovon. 

Little  Spy  pond, 17,  88 

Wellington  brook, 88 

Bell  pond,  Worcester, 372,  378 

Berkshire  Water  Company,  Lee, 184 

Berkshire  Heights  Water  Company,  Great  Barringtou,         .        .        .        .       141 

Berlin,  Gates  pond, 161,162 

See  also  Hudson. 

Berlin,  Germany,  crenothrix  In  wells, 780 

Beverly : 

description  of  water  works, 28,  29 

Weiiham  lake, .        285-287 

See  also  Salem. 

Big  Saudy  pond,  Pembroke 6,  7 

See  also  Abington  and  Jlockland. 

Billerica,  Shawsheen  river  in, 487-489 

Biological  and  chemical  examinations  of  water  supplies  and  other  inland 

waters, 1-378 

Biological  examination,  explanatory  note, 4,  5 

See  also  Microscopical  Examination. 

Biologist,  G.  n.  Parker,  report  of, 579-020 

Birch  pond,  Lynn, 201-203,  205,  20G 

See  also  Lynn. 
Blackstone,  Blackstone  river : 

flow  of,  at  dam  of  Blackstone  Manufacturing  Company,         .        .       392,  650 
drainage  area,  etc.,  at  dam  of  Blackstone  Manufacturing  Company,      .      384 

analyses  of  water  of,  at  Millville, 390,  391 

Blackstone  river : 

description  of  river  basin, 383-386 

drainage  areas  and  population  in  basin, 384 

flow  of, 392,  656 

manufactures  in  basin, 385 

analyses  of  water  of 

at  Qulnsigamoud  village,  Worcester, 387,  388 

at  Uxbridge 388-390 

at  Millville, 390,  391 

pollution  and  self  puriflcation  of,     .         .         .         .          790,  792,  793,  794-798 
Bleaching  of  water  in  reservoirs, 735-738 
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Bodwell  gate  house,  Lowell, 194,197,198 

Boot  pond,  Plymouth, " 271 

Boston  : 

description  of  water  works, 29-87 

analyses  of  water, 38-04 

flow  of  Sudbury  river, 655-658 

growth  of  sponge  In  water  of , .'        .       6U,  620 

heights  of  water  in  lakes  and  storage  reservoirs 62 

organisms  found  In  water  of, 687-597 

temperature  of  water  in  reser^'oirs, 669 

analyses  of  water  from  a  faucet  in 58,  59 

classiflcation  of  waters  of, 684-686 


CochitucUe  Works. 

Reservoir  4,  on  Cold  Spring  brook,  Ashland : 

description  of, 30-32 

analyses  of  water, 38-42 

temperature  of  water  at  surface, 660,661 

temperature  of  water  at  various  depths  in  summer  (table),     .        .      669 

effect  of  storage  in, 735 

references  to, 544,  654,  684,  746,  747,  765-767 

Reservoir  3,  on  Stony  brook,  Framingham : 

description  of, 30-32 

analyses  of  water, 45-47 

temperature  of  water  at  surface, 660,  661 

temperature  of  water  at  surface,  average  for  9  years,      .        .        .      663 
temperature  of  water  at  various  depths  in  summer  (table),     .        .      609 

effect  of  storage  in, 735 

analyses  of  water  from  various  depths, 766 

references  to, 544,085,695,696,746 

Reservoir  2,  on  Sudbury  river,  Framingham : 

description  of, 30,  31 

analyses  of  water, 42-44 

effectof  storage  in,     .        ,        i 735 

references  to, 644,  685,  747,  766 

Reservoir  1,  on  Sudbury  river,  Framingham: 
description  of, 80,  31 

Farm  pond  ; 

description  of 29,  30,  31 

analyses  of  water, 47-49 

references  to, 129,  714 

Beaver  Dam  brook,  analyses  of  water, 49,  50 

pollution  and  self  puriflcatlon  of, 800-802 

Dudley  pond : 

description  of, 83 

analyses  of  water, 61 

reference  to, 644 

Dug  pond.     See  Natick, 
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BoaxoN—  Continued. 

Lake  Cocliltnate : 

description  of 82-3* 

aoalyscs  of  water 61,  62 

cOtot  of  storage  in 735 

t(.'in|ieralure  of  waiter  of,  at  various  depths, 767 

analyseMT>f  water  from  various  depths 763 

references  to  6M,  686,  697,  698.  744 

Chestnut  Hll!  reservoir: 

description  of, '.        .       .        B4 

analyses  of  water, 63,  64 

dally  rainfall  at 630-654 

references  to 617,  688,  721,  722 

Brookllne  reservoir: 

description  of, 84 

analyses  of  water 64,  65 

temperature  of,  at  surface, G60 

temperature  of,  at  surface,  averafe  for  ten  years C63 

din^^raJii  -Ikiu'ti;,'  temperatureof  water  In  reservoir  and  as  delivered 


Fisher  llil  To-t-noir: 

descHptlon  of 85 

analyses  of  water, GG 

e fleet  of  storage  Id 721,722 

Parker  Hill  reservoir ; 

description  of 35 

analyses  of  water, E7 

effect  of  storage  In 737,738 

Mj/itlc  ^Vorkt. 

Mystic  lake: 

description  of, 35-37 

analyses  of  water 59,  60 

lemiicraturc  at  various  depths  In  summer 766 

analystis  at  various  depths  In  summer 766 

refereuOM  to 644.  5G1,  662,  6SG,  701,  744 

College  Hill  reservoir: 

description  of 37 

an«l)'si-N  o[  water, 60,  61 

cITect  of  storage  In, 723-725 


Jamaica  Pond  Supply. 
JnnmLpn  pond : 

description  of, 37 

analyses  of  water 63,  64 

peclnl  nvestlgation  of, 664-670,  749-764 

dia^Tam  sliowing  contours  of  bottom G65 

analyses  of  water  at  various  depths, 766-769 

louiperaluro  at  snrtace, 661 

teinjteralure  at  various  depths, 664-669 
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Boston  —  Concluded, 

Jamaica  Pond  —  Concluded, 
diagrams  showing  temperatare,  at  yarioos  depths,   .    6(>6,  C»70.  facing  7^2 
diagram  showing  total  and  suspended  albuminoid  ammonia  in,  7i^ 

references  to, C86,  6d9,  744 

Boston,  Stony  broolc  in : 

description  of  basin,  drainage  areas,  population,  etc.,    ....      490 
analyses  of  water  of : 

at  Mount  Hope, "*i^l 

at  Forest  Hills, 4i>2 

atRoxbun-, 4i^2 

Boston  main  drainage,  diagram  showing  comparative  temperatures  of 

water  and  sewage, 676 

Bottles  used  for  collection  of  samples  of  water  for  analysis,        .  519,  530 

Bowenvillc,  Fall  River,  drainage  area  of  Taunton  river  at,  .        .        .        .      497 
Brain  tree : 

description  of  water  works, 64 

analyses  of  water, 64-66 

references  to 705,  710,  729,  730 

Great  pond, 279,  280 

Little  pond, 64-66 

Town  brook  storage  reservoir,  Quincy  Water  Company,  275-278 

Bray  brook  storage  reservoir,  Holyoke, 158 

Braytonville,  North  Adams,  Hoosac  river  at,  drainage  area,  etc.,         .        .      422 

Breed's  pond,  Lynn, 201-205 

See  also  Lynn, 

Brewster,  Long  pond, 66 

Bridgewat  er : 

description  of  water  works, 67 

analyses  of  water, 67,  68 

temperature  of  water  in  wells, *      .        .        .      673 

references  to, 706,  708 

Taunton  river  at, 69-72,  495,  500-609 

Town  river  at, 68,  69,  490,  497,  601,  502 

Bridgewater  state  farm : 

description  of  water  works, 69 

analyses  of  water, 09-72 

Broad  brook,  Ludlow, 297,  302 

Broad  brook,  Pownal,  Vt., 249,251 

Brockton : 

description  of  water  works, 73 

analyses  of  water, 74-78,  498 

Salis!)ury  brook  storage  reservoir : 

analyses  of  water  of , 74,75 

effect  of  storage  on  water  of, 735-737,  739,  740 

special  characteristics  of, 707-773 

references  to, 084,  740 

Factory  pond, 78 

Salisbury  Plain  river, 490-498 

Brook  field,  water  supply  of, 78,  79 

Brookline : 

description  of  water  works, 79,  80 
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Brookl  ine  —  Co  ncluded . 

analyses  of  water, 81-86,398,899 

distributing  reservoir,  references  to,       ...        .         725-728, 733-734 

fllter-gallery, 705,  708,  725-720 

tank, 728,  729 

Charles  river, 394,  398-399 

Brookline  reservoir,  Boston  water  works.    See  Boston,  CochUuate  Works. 

Brooks.     See  Streams. 

Brown's  pond,  Pcabody, 265,  266 

See  also  Peahochj. 

Buckman  brook  storage  reservoir,  Athol, 19,  20 

Buck  master  pond,  Dedham,  Norwood  water  works,      ....       260,261 
See  also  Norirood. 

Buttery  brook,  South  Hadley, 294,  295 


c. 

Calumet  Woolen  Company,  Uxbrldge,  Blackstonc  river,       .        .        .       384-392 

Cambridge,  description  of  water  works, 86-88 

analyses  of  water, 89-91 

heights  of  water  in  pond  and  reservoir, 92 

organisms  found  in  water  supply  of, 587-597 

Fresh  pond,  references  to, 86-88,  90,  91,  660,  744 

Stony  brook,  references  to, 86-88,  89,  90,  747 

Canton : 

water  supply  of, 93 

Beaver  brook, 93 

York  pond ' 93,  94 

Cate  springs,  Mansfield, 217 

Cement  A<iuedu(t  Company,  West  Brookfleld 352 

Center  brook,  Kichmond, 285 

Center  street  drain,  Brockton, 78 

Certificate  accompanying  samples  of  water  collected  for  analysis,        .        .      521 

Chapin's  pond,  Ludlow, 201 

Charles  rivor : 

description  of  river  l)asin, 393-396 

drainage  areas  and  population  in  basin, 394 

flow  of, 405,  656 

diversion  of  water  from, 893 

manufactures  in  i)asln, 395,  396 

analyses  of  water  of : 

at  Milford .       396 

at  South  Natlck, 897,  398 

at  West  Uoxbury .         .       398,  399 

at  Newton  Upper  Falls, 400,  401 

at  Waltliam, 401,  402 

at  Watertown, 403,  404 

Charlestown.     See  Boston,  Mystic  Works. 

Chaubunagungamaug  lake,  Webster, 340-342,  684,  745 

Chauncy  pond,  Westborough, 351,  661,  745 
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Chelsea,  description  of  water  works, 94 

See  also  Boston  y  MtjMic  Works. 
Chemical  examination  of  waters  and  interpretation  of  analyses,  .        .       517-578 
Chemical  analysis.     See  Analysis^  Chemical. 

Chemist,  T.  M.  Drown.    The  chemical  examination  of  waters  and  the  inter- 
pretation of  analyses,     517-578 

discnssion  of  special  topics  relating  to  the  quality  of  public  water 

supplies, 717-781 

Cheshire,  description  of  water  worlcs 0*1 

analyses  of  water, 95 

reference  to, 703 

Cheshire  reservoir  at  head  of  Hoosac  river, 421,  424 

Chestnut  Hill  reservoir,  Boston,     .        .         34,  5J,  54,  617,  630-654,  685,  721,  722 

See  also  Boston,  Cochituate  Works. 
Chicopee : 

Chlcopee  central  flre  district, 

description  of  water  works, 95-96 

analyses  of  water, 90-98 

Dingle  brook  storage  reservoir,  references  to,    .        .        .        .       685,  746 

Sand  Bank  pond,  references  to, 9G,  98,  708 

Chicopee  Falls  flre  district, 

description  of  water  works, 99 

analyses  of  water,         .........         99-101 

references  to, 685,  705,  708 

Chicopee  river  at, 407,409-410,685 

Chicopee  river : 

description  of  river  basin, 406-408 

drainage  areas  and  population  in  basin 407 

manufactures  in  basin, 407 

analyses  of : 

at  Chicopee  Falls, 99-100,  409-410 

at  Ludlow, 408 

flow  of,  at  Ludlow, 410,  656 

reference  to, 685 

Chlorink  : 

method  of  determination  of, 528,  529 

interpretation  of,  In  wat«r 642-645,  679-682,  706,  707 

amount  of,  in  normal  waters  in  different  parts  of  Massachusetts, 

542,  643,  679-682 
map  of  Massachusetts  showing  normal  chlorine,    ....  facing  680 

In  surface  water  supplies, 682-702 

in  ground  water  supplies, 702-708 

in  rain  water, 502 

in  sewage, 6«0,  786-789 

relation  of,  to  population  and  manufactures  on  a  watershed,        .        .      680 
Circulation  of  water : 

in  ponds  and  storage  reservoirs,      ....         653,  664-670,  749-765 

in  distributing  reservoirs, 733,  734 

Cisterns,  storage  of  rain  water  in, 663,  564 

Cities  and  towns,  number  of  public  water  supplies  in,        .        .        .       626-627 
ownership  of  water  works  in, 628 
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Clapp's  pond,  Provincetown, 274 

Clarksburg,  Hudson  brook, 426 

reservoir, 421 

Classlflcation  of  drinking  waters, G78-716 

ground  waters, 702-716 

surface  waters, 682-702 

Clathrocystis,  growth  of,  in  ponds  and  reservoirs, 770 

Clinton,  description  of  water  works, 101,102 

analyses  of  water, 102-104 

**tlie  basin,"  Sterling, 104,684 

Hey  wood's  pond.  Sterling, 104 

Coachlace  brook, 468,  469,  479,  790 

Nashua  river  at, 468,  477,  478 

Cochituate  lake,  Wayland, 82-34,  61,  62,  735,  765,  767 

Cochituate  village,  Wayland,  water  supply  of, 337-340 

See  also  ^Vaylafid, 
Cochituate  works.    See  Boston,  Cochituate  Works. 

Codding  brook  storage  reservoir,  Lee, 184 

Coeiosphaerium,  growth  of,  in  ponds  and  reservoirs, 770 

Cohasset,  description  of  water  works,  . 104,  105 

analyses  of  water, 106,  106 

effect  of  storage  of  water  In  distributing  reservoir,        .        .        .        726-728 

temperature  of  water  In  wells, 672 

brook  near  wells,  analysis  of, 107 

reference  to, 715 

Colburn's  spring,  Ncedham,  analysis  of, 237 

Cold  Harbor  brook  reservoir,  Shrewsbury,  Nortliborough  water  works,      .      268 

Coleman's  brook,  Norwood, 200 

Collection  of  samples  of  water  for  analysis, 519-521 

College  Hill  reservoir,  Mcdford, 37,00,61,723-725 

See  also  Boston ,  Mystic  Works, 
Color : 

method  of  determination  of, 531,532 

of  surface  waters,  interpretation  of, 506,  607 

relation  of,  to  albuminoid  ammonia, 507 

significance  of  numbers  expressing, 4 

effect  of  swamps  on, 686 

in  unpolluted  waters, 687 

effect  of  storage  upon, 735-738 

relation  of,  to  occurrence  of  trouble  in  reservoirs,         .        .        .        742-744 

Concord,  description  of  water  works, 108 

analyses  of  water, 108 

reference  to, 683 

Warner's  pond, 110 

Conconl  reformatory,  description  of  water  works, 109 

analyses  of  water, 100,  110 

references  to, 705,  712 

Concord  river : 

description  of  river  basin, 410-412 

analyses  of  water  of , 412-416 
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Concord  river  —  Concluded. 

drainage  areas  and  population  in  basin » 411 

manufactures  in  basin, 411,412 

Connecticut  river  ; 

description  of  river  basin, 415,  41G 

drainage  areas  and  population  in  basin, 410 

analyses  of  water  of : 

at  Turner's  Falls, 417,418 

at  Holyoke, 418 

at  Springfield, 418,419 

Contamination.    See  Pollution. 

Covell  Aqueduct  Company,  Shelbume, 291 

Crenothriz,  growth  of ,  in  water  supplies,      ....         012-614,779-781 

in  water  supply  of  Berlin,  Germany, 780 

in  water  supply  of  Rotterdam, 780 

in  fllter-galleries  at  Arlington,  Wayland  and  Whitman,  .        .        .        779-781 

in  Jamaica  pond, 703,  704 

in  undcrdrain  of  Framingham  sewerage  system,     ....       800-802 

distribution  of,  in  waters  variously  situated, 000 

Crocker\'ille,  Fitchburg,  Flag  brook  at,         .......       473,  474 

Whitman's  river  at, 473,  474 

Crystal  brook,  Saugus, 281,289 

Crystal  lake,  Gardner, 134,  136,  085,  721,  722,  746 

Crystal  lake,  Haverhill, 144,145,683,745 

CrysUl  lake  or  Smith  pond,  Wakefield, 322,  323,  085,  745 


D. 

Daily  rainfall  at  ten  places  in  Massachusetts, 030-054 

Dalton,  water  supply  of  Dalton  fire  district, 110,111,083 

Danvers,  description  of  water  works, Ill 

analyses  of  water, 112-114 

Mlddleton  pond, 111-113,  601,  084,  721,  722,  745 

Swan's  pond,    .        .        . Ill 

Putnam's  pond, 114 

Darby  brook,  West  Springfield, 355 

Date  of  introduction  of  water  supplies  into  cities  and  towns,  .        .      028 

Day's  upper  pond,  Gloucester, l.'^8 

Day's  lower  pond,  Gloucester, 139 

Dedham,  description  of  water  works, 114 

analyses  of  water, 114,115 

algae  in  well, Ofl,  012 

temperature  of  water  in  well, 072 

references  to, 705,710 

Charles  river  at, 85-80 

Mother  !)rook  at, 405,  050 

Buck  master  pond, 200,  201 

See  also  \onrood. 

Deep  ponds,  special  investigation  of, 749-707 

Deerfleld,  daily  rainfall  at, 030-054 
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Decrfleld  river 420 

Depth,  effect  of,  on  character  of  water  in  ponds  and  reservoirs,  653,  554,  740-767 

on  temperature  of  water  in  lakes  and  ponds, 6G4-670 

Determination : 

of  ammonia  by  nesslerization ;  effect  of  temperature  on,        .        .        .      526 

of  chlorine, 528,  629 

of  color, 531,532 

of  free  and  albuminoid  ammonia, 523-526 

of  hardness, 531 

of  loss  on  ignition, 529-631 

of  nitrogen  as  nitrates, 528 

of  nitrogen  as  nitrites, 527,  528 

of  odor, 531 

of  organic  nitrogen, 526,  527 

description  of  Kjeldahl  process, 526 

of  residue  on  evaporation, 529-531 

of  sediment, 532 

of  turbidity, 532 

Diagrams,  list  of: 

Hoosac  river,  showing  results  of  chemical  examinations,      .        .        .      423 
Housatonlc  river,  showing  results  of  chemical  examinations,  .431 

Nashua  river,  showing  results  of  chemical  examinations,       .        .        .472 
average  free  ammonia  in  forty  ponds  and  reservoirs  for  two  years,       .      565 

flow  of  rivers, 657 

normal  temperature  of  air  and  water, 663 

Jamaica  pond,  showing  contours  of  bottom, 665 

temperature  of  Jamaica  pond  at  various  depths, 666 

comparative  temperature  of  surface  water  in  a  reservoir  and  as  deliv- 
ered to  consumers, 674 

comparative  temperature  of  water  and  sewage 676 

amount  of  albuminoid  ammonia  and  nitrates  in  the  Hyde  Parlc  dis- 
tributing reservoir, 732 

various  fonns  of  nitrogen  in  Jamaica  pond  at  different  seasons  of  the 

year, 760 

variation  of  nitrogen  compounds  In  Jamaica  pond,         .        .        .   facing  762 

organisms  in  Jamaica  pond, 763 

total  and  suspended  albuminoid  ammonia  at  Brockton,  Leominster, 

Springfield  and  Jamaica  pond, 769 

Dibden,  W.  J.     Analyses  of  London  sewage, 786 

Dikes  brook  storage  reservoir,  Gloucester, 136-138 

See  also  Gloucester. 

Dingle  brook  storage  reservoir,  Chicopee, 96-97 

Seqalso  Chicopee. 

Dlno])r5*on  In  Jamaica  pond, 764 

Discussion  of  special  topics  relating  to  quality  of  public  water  supplies,     718-781 
Disease : 

germs  of.     See  Bacteria. 

relation  of  chemical  composition  and  organic  Impurities  in  water  to, 

535-638,  716 

effect  of  use  of  swamp  waters, 648 

of  rain  water, 663,  664 
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Disease  —  Concluded, 

effect  of  use  of  hard  water, 505 

of  polluted  waters, 674,  675 

See  also  Ileahhfulness, 
Dissolved  solids,  amount  of,  added  to  streams  by  domestic  sewage,    .        .      789 

amount  of,  per  inhabitant  in  sewage, 787,  788 

Distances  on  rivers,  tables  of : 

Blaclcstone, 384 

Charles, 394 

Cliicopee, 407 

Concord, 411 

Hoosac, 422 

Housatonic, 429 

Ipswich, 439 

Merrimaclc, 442 

Miller's, 464 

Nashua, 408 

Shawsheen, 487 

Taunton, 497 

Ten  Mile, 611 

Westfleld, 615 

Distributing  reservoirs.    See  Reservoirs^  Distributing, 
Distribution : 

of  rainfall  in  Massachusetts, 030-064 

of  organisms,  seasonal, 597-000 

of  organisms  in  waters  variously  situated, 601-008 

Doleful  pond,  Stoneham, 212 

Dracut,  Beaver  brook, 115 

Drainage  areas,  explanatory  notes  relating  to, 3,  381 

Drinking  waters,  classification  of, 678-716 

Drown,  T.  M.,  chemist: 

the  chemical  examination  of  waters  and  the  interpretation  of  analyses,  617-678 
discussion  of  special  topics  relating  to  the  quality  of  public  water  sup- 
plies,               717-782 

Dry  brook  storage  reservoir,  Adams, 084 

Dudley  pond,  Way  land,  Boston  water  works, 33,  51,  544 

Dug  pond,  Natick, 234-236 

See  also  Natick, 

E. 

East  Bridge  water,  water  supply  of.     See  also  Bridgtwater,   ...  67,  68 

Beaver  brook, 497,  499,  600 

Matfleld  river, 497 

Meadow  brook, 497,  600 

Salisbury  Plain  river, 499 

Satucket  river 497,  601 

East  Dedham,  Mother  brook,  flow  of, 060 

Easthain : 

Great  pond .116 

Herring  pond, UC 
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Easthampton,  description  of  water  works, 116 

analyses  of  water, 117,  118 

Williston  pond, 116-118,685,746 

Easton : 

water  supply  of  North  Easton  village  dbtrict,         .        .        118,119,705,708 

Queset  river, 118 

East  Taunton,  Taunton  river, 497 

Eaton's  meadows,  Maiden,  water  supply  from,      .         211,  212,  216,  216,  776,  777 

Egypt  brook,  Dal  ton, 11(V-111,  683 

Elder's  pond,  Lakeville, 173,  495,  496 

EH  pond,  Melrose, 223 

Engineer,  F.  P.  Stearns: 

summary  of  water  supply  statistics ;  also  records  of  rainfall,  flow  of 

streams,  and  temperature  of  air  and  water,  .        .        .        .        621-676' 
discussion  of  special  topics  relating  to  the  quality  of  public,  water 

supplies, 717-782 

the  pollution  and  self  purification  of  streams,         ....        783-802 

Everett,  water  supply  of, 119,544 

See  also  Boston^  Mystic  Works, 
Examinations : 

chemical  and  biological,  of  water  supplies  and  rivers,    ....  1-516 
See  also  Anahjsis,  Chemical,  and  Microscopical  Examinations, 
Explanatory  notes, 8-5,  381 


F. 

Factory  pond,  Brockton,  analyses  of  water, 78 

Fall  liiver,  description  of  water  works, 120 

analyses  of  water, 121,  122 

Watuppalake, 120-122,684,745 

Qucquechau  river, 120 

Taunton  river,  Bowcnville, 497 

Faluliih  reservoir,  Fitcliburg, 122,  123,  126-128 

See  also  FUvhburg. 

Farm  pond,  Framingham, 29-31,  47-49 

See  also  Boston,  Cochituate  Work^. 

Fitchburg,  description  of  water  works, 122,123 

analyses  of  water, 124-128 

heights  of  water  In  reservoirs, 128 

Falulah  reservoir,     . 122,  123,  126-128,  684 

Overlook  reservoir, 122,  123,  125,  126,  128,  084,  740 

Scott  reservoir, 122-125,  128,  684 

Marshall  reservoir, 123 

Nashua  river, 468,  474 

Nookagee  river, 474 

Shattuck  brook, 123 

daily  rainfall  at, 630-654 

Filter-bank,  Taunton, 314 
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Filter-Basixs  : 

number  of,  used  as  sources  of  public  water  supply,       ....      027 

temperature  of  water  In, 671-673 

See  also  Ground  }V(tter8. 

at  Amesbury, 10 

at  Newton, 243-245,  702 

at  Taunton, 814-316,705,713,714 

at  Waltliam, .         824,  326,  706,  708 

Filter-bed,  Lowell, 192-194 

Filter-dam,  Leominster,  .        .        .        .        ► 187,  188 

Filtbr-Galleiiirs  : 

numl)er  of,  used  as  sources  of  public  water  supply,        ....      627 

temperature  of  water  In, 671-673 

organisms  in, 603-608 

See  also  Ground  Waters, 

Tbft  following  ia  a  liat  of  the  fliter-galleries  referred  to  Id  this  volume.    Thry  are 

more  completely  Indexed  by  towne. 

Arlington, 13-14 

Attleborougli, 22,  23 

Bralntree, 64-66 

Brookline, 79-82 

Framingham, 129,  130 

Grafton, 139,  140 

Kingston. 168,  169 

Lawrence, 173,  174 

Lowell, 192-194 

Taunton, 314 

Tlsbury, 820 

Watertown, 833-335 

Wayland, 337-339 

Wellesley 343-344 

Whitman, 358-360 

Woburn, 366-368 

Filtration : 

natural,  of  waters, 778-781 

at  Lawrence,  references  to, 574,  707 

purification  of  water  by, 706-718 

imperfect,  relation  of,  to  crenothrix,       ....         612-614,779-781 

FiRB  Districts: 

Attleborough, 22-25 

Chicopee  central, 95-98 

Chlcopee  Falls, 99-101 

Dalton, 110,  111 

Great  Barrington, 140,  141 

Greenfield, 142,  143 

Hinsdale, 152 

Mansfield  water  supply  district, 217 

Middleborough, 223-227 

North  Adams, 249-251 

North  Attleborough, 254-257 

North  Easton  village  district 118,119 
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Fire  Districts  —  Concluded, 

Palmer, 264,  265 

Pittsfleld, 268-270 

Soath  Adams,    .        .        .     / 7, 8 

South  Hadley  Falls, 294,  295 

Turner's  Falls,  Montague, 230-232 

Fisher  II ill  reservoir,  Boston  water  works, 35,  56 

See  also  Boston,  Cochituate  Works. 

Fixed  residue.     See  liesidue  of  evaporation. 

Flag  brook,  CrockervUle,  Fltchburg, 473,  474 

Flax  pond,  Lynn, 209,  210 

Flow  of  streams, 655-658 

Blackstone  river, 392 

Cliarles  rivtft*, 405 

Chicopee  river, 410 

Housatonlc  river, 430 

Merrimack  river 183,  462,  656-658 

Miller's  river, 467 

Mother  brook, 405 

Nashua  river, 482 

Neraasket  river, 495 

Neponset  river, 487 

Sudbury  river, 656-658 

Taunton  river, 495 

Forest  lake  (or  Mlddleton  pond),  Dan  vers  water  works,      .        .        .        111-113 
See  also  Danrers. 

Forge  pond,  Freetown, 133 

Foundry  brook,  Norwood, 260 

Frarningham,  description  of  water  works, 129 

analyses  of  water, 129,  130 

temperature  of  water, 672,  673 

references  to, 705,  713,  714 

Farm  pond, 29-31,  129 

Gleason's  pond, 131 

Learned's  pond, 131 

Lake  Cochituate, 32-34,  51,  52 

Sudbury  river, 29-48,411,655-658 

Crenothrix  in  underdraln, 800-802 

daily  rainfall  at 630-654 

See  also  Boston j  Cochituate  Works. 

Franklin,  description  of  water  works,    .        .        .        .        .        .        .       131,132 

analyses  of  water, 132,  133 

references  to, 705,  710 

Beaver  pond, 131,  133 

Mine  brook, 131,133 

Freetown,  Forge  pond, 133 

Long  pond, 405 

Fresh  pond,  Cambridge, 86-88,  90-92 

See  also  Camhriihje. 

Fulling  mill  pond,  Ilingham, 148,  149,  151 

See  also  IIuKjham. 
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Gardner,  description  of  water  works, 134 

analyses  of  water, 134,  136 

Crystal  lake, 184,  135,  G85,  721,  722,  745 

Otter  river .       464 

Gates  pond,  Berlin, ICl,  162 

See  also  Hudson. 

Gilbertvillo,  daily  rainfall  at, 630-654 

Gill,  water  supply  of ,       . 136 

Ileal-all  sprin;;, 136 

Nevins'  brook, 136 

Gleason's  pond,  Framingham, 131 

Glen  brook  storage  reservoir,  Greenfield, 142,  143 

See  also  Green  fi phi. 

Glen  Lewis  pond,  Lynn, 201,  203 

Gloucester,  description  of  water  works 136,  137 

analyses  of  water, 137-139 

Dikes'  brook  storage  reservoir, 136-138,  683,  746 

Day's  upper  pond, 138 

Day's  lower  pond, 139 

Wallace  pond, 136 

Webster's  pond, 139 

Grafton,  water  supply  of, 139,140,705,710 

Great  Barrington,  description  of  water  works, 140,  141 

analyses  of  water, 141,  142 

reference  to, 684 

Green  river, 141,  142 

Ilousatonic  river  at, 429,431,437,438 

Long  lake, 141 

Mansfield  lake 141,  142 

Great  pond,  East  ham, 116 

Great  pond.  North  Andover, 253 

Great  pond,  Randolph  and  Braintree, 279,  280,  685,  744 

Great  pond,  Weymouth, 357,  685,  745 

Great  South  pond,  Plymouth, 271,272,683,745 

Great  Quittacas  pond,  Lakevllle, 495,  496 

Green  pond,  Montague, 232 

Green  river,  Great  Barrington, 141,  142 

Greenfield,  water  supply  of  Greenfield  fire  district: 

description  of  water  works, 142,  143 

analyses  of  water, 143 

Glen  brook  storage  reservoir, 142,  143,  684,  747 

Griess,  method  of  determination  of  nitrogen  as  nitrites,      .        .        .       527,  528 
Ground  Watei:s  : 

chemists'  report  on  interpretation  of  analyses  of ,  .        .        .        .       569-578 

bacteria  in, 575,  576,  781,  782 

organisms  in, 603-608 

table  of  temperatures  of,  at  16  places  in  Massachusetts,  .  .  671-673 
numl)cr  of  ground  water  sources  of  water  supply  in  Massachusetts,  .  627 
classification  of, 702-716 


822 


INDEX. 


Ground  Waters  —  Concluded. 

effect  of  8tx)rage  in  open  distributing  reservoirs,     . 

effect  of  storage  in  open  tanics,        .... 

effect  of  storage  in  covered  reservoirs  and  tanks,    . 

effect  of  storage,  special  experiment  at  Hyde  Park, 

temperature  of,  in  tanks  and  open  reservoirs, 

effect  of  sewage  contamination  upon. 

See  also  Water,  WellSf  Springa,  Filter-galleries  and  Filter-basins, 


Page 

560,  725-728,  730-734 

729,  730 

728.  729 

730-734 

.       675 

.       539 


H. 

Hagar  pond  or  Mohawk  Lake,  Stockbridge, 307 

Halifax,  Winetuxet  river, 497,  502 

Hammond's  pond,  Newton, 249 

Hardness : 

method  of  determination  of, 531 

interpretation  of, 564-566 

Haverhill,  description  of  water  works, 144 

analyses  of  water, 145-148 

Crystal  lake, 144,  145,  683,  745 

Kenoza  lake, 144-146,  685,  745 

Lake  Pentucket  or  Hound  pond, 144,  147,  685,  744 

Lake  Saltonstall  or  Plug  pond,         .        .        .  144,  147,  148,  686,  698,  744 

Merrimack  river  at, 442,  444-446,  459-461 

Hawkes  brook,  Lynn, 201-203,  206,  207 

Haynes  reservoir,  Leominster, 187-189 

See  also  Leominster, 

Heal-all  spring.  Gill, 136 

Healthfuluess : 

of  water 535-538,515-519,716 

relation  of  organic  matter  in  water  to,   .        .        .        .        .        546-550,716 

effect  of  use  of  swamp  waters, 548 

of  rain-water 563,  564 

of  hard  water, 565 

of  polluted  waters, 574,  575 

Heights  of  Water: 

Boston  water  works,  lakes  and  storage  reservoirs,  ....         62 

Cambridge  water  works,  pond  and  reservoir, 92 

Fitchburg  water  works,  reservoirs, 128 

Lynn  water  works,  Birch  and  Breed's  ponds, 209 

Maiden  water  works,  Spot  pond, 215 

Natick  water  works,  Dug  pond, 236 

Salem  water  works,  Wenham  lake, 287 

Sprinixncld  water  works,  Ludlow  reservoir, 300 

Webster  water  works,  lake  Chaubunagungamaug,  ....       342 

Woburn,  Horn  pond, 371 

Worcester  water  works,  reservoirs, 378 

Herring  pond,  Eastham, 116 

Heywood's  brook,  Sterling, 102,  104 

Hick's  spring,  Needham, 237 
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Higher  brook,  Ludlow, ....       297,  302 

Hill  Water  Company,  Stockbridge, 300 

Hlngliara,  description  of  water  works, 148-149 

analyses  of  water, 149-151 

Accord  pond, 148-160,  601,  086,  745 

Fulling  mill  pond 148,  149,  161,  685,  697,  74G 

Hinsdale,  water  supply  of  Hinsdale  fire  district, 152 

Housatonic  river  at, 433 

Hobart's  pond,  Whitman 359-301 

See  also  Whitman. 

Holbrook,  water  supply  of, 278-280 

See  also  Randolph. 

Holden  reservoir,  Worcester  water  works,     ....        871,  372,  875,  376 
See  also  Worcester. 

Holden,  Tatnuck  brook, 871,  872 

See  also  Worcester. 

Holyoke,  description  of  water  works, 152,  153 

analyses  of  water, 154-158 

Ashley  and  Wright  ponds,        ....  152,  153,  156,  157,  684,  744 

Bray  brook  storage  reservoir, 158 

Tannery  brook, 153,  154 

Whltin«j:  Street  brook, 153,  155,  150,  084 

Connecticut  river  at, 418 

Hoosac  river : 

description  of  river  basin, 420-424 

drainage  areas  and  population  in  basin, 421,  422 

manufactures  in  basin, 422 

map  of,  showing  analyses  at  various  points, 423 

reference  to, 501,  502 

analyses  of  water  of : 

at  Adams, 425 

at  North  Adams, 425,  420 

at  Williamstown, 427,  428 

Hopedale,  water  supply  of, 227-229 

See  also  Milford. 

Hopkinton,  water  supply  of, 158-100,  705,  710 

Horn  pond,  Woburu, 300,  307,  369-371 

See  also  Wohurn. 

Hospital,  insane,  Westborough,  water  supply  of 349-351 

Housatonic  river : 

description  of  river  basin, 428-432 

drainage  areas  and  population  in  basin, 429 

flow  of,  at  Pittsfleld 430 

manufactures  in  basin, 430 

map  of,  showing  analyses  at  various  points, 431 

references  to, 501,  502 

analyses  of  water  of : 

at  Iliusdale, 433 

at  Hlttsrteld, 433-430 

at  Lenox, 430,  437 

at  Great  Barrlngton, 437,  438 
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Housatonic  village,  water  supply  of, HI 

Housatonic  Water  Company, 141 

Hudson,  description  of  water  works, 167 

analyses  of  water, 161,  162 

Gates  pond, 161,  162,  684,  745 

White  pond, 221 

Hudson  brook,  Clarksburg, 426 

Hull,  water  supply  of.     See  Hingham. 

Hunt  distributing  reservoir,  Worcester, 372,  374,  375 

See  also  Worcester, 

Hyde  Park,  description  of  water  works, 163 

analyses  of  water, 163-167 

temperature  of  water, 672 

experiment  on  storage  of  ground  water, 730-734 

references  to, 660,  705,  710,  725-728 

Neponset  river  at, 166,  167,  485,  486 

Sprague  pond, 167 

I. 

Ignition,  loss  on.     See  Loss  on  ignition. 

Inland  waters,  examination  of  water  supplies  and, 1-516 

Insane  hospital,  Westborough,  water  supply  of, 349-351 

Instructions  for  collecting  a  sample  of  water  for  analysis,   .        .        .       520,  521 

Interpretation  of  chemical  analyses.     See  Analysis^  chemical. 

Introduction  of  water  supply  into  cities  and  towns,  date  of,        .        .        .       628 

Ipswicli  river, 438-440 

Iron,  relation  of,  to  crenothrix, 779-781 

Isochlors,  description  of, 679 

map  showing, facing  680 

J. 

Jamaica  pond,  Boston: 

description  of, 37 

analyses  of  water, 63,  64 

special  investigation  of, 664-670,  749-764 

diagram  showing  contours  of  bottom, 665 

analyses  of  water  from  various  depths 756-759 

temperature  at  surface, 661 

temperature  at  various  depths, 664-669 

diagrams  showing  temperature  at  various  depths,  .  666,  670,  facing  762 
diagram  showing  total  and  suspended  albuminoid  ammonia  in,  .  .  769 
references  to 686,  699,  744 

Jones  river,  Kingston 171 

K. 

Kenoza  lake,  Haverhill 144-146 

See  also  Haverhill. 
Kettle  brook,  Paxton, .       186 
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Kingston,  description  of  water  works, 168 

analyses  of  water 168-171 

references  to, 705,  708,  725-729 

Jones  river, 171 

Kingston  aqueduct  company, 168,  171 

Kjeldahl  nitrogen  process,  description  of, 526 


L. 

Lakks  :  Sec  also  Ponds  and  Surface  Waters, 

The  fullowing  la  a  lUt  of  all  the  lakes  referred  to  in  thla  volume.    They  are  more 

completely  indexed  by  towns. 
Ashley,  Washington,  Plttsfield  water  works, .        . '      .        .        .       268,  269 

Chaubuuagungaraaug.  Webster, 340-342 

Cochltuate,  Boston  water  works, 32-34 

Crystal  or  Smith  pond,  Gardner, 322,  323 

Crystal,  Haverhill 144,  145 

Crjstal,  Wakefield, 146 

Keuoza,  Haverhill, 144-146 

Long,  Great  Barrlngton, 141 

Mahkeenac,  or  Stockbrldge  Bowl,  Stockbridge, 308 

Mansfield,  Great  Barrlngton, 141,  142 

Mohawk,  or  Hagar  pond,  Stockbridge, 307 

Mystic,  upper,  Boston  water  works, 35,  36,  59,  60 

Mystic,  lower,  Medford, 222 

Quota,  Plttsfield, 270,  434 

rentucket,  or  Round  pond,  Haverhill, 144,  147 

Pleasant,  Montague, 230-232 

Pontoosuc,  Plttsfield, 270,  434 

Quannapowltt,  Wakefield, 323 

Saltonstall,  or  Plug  pond,  Haverhill, 144,  147,  148 

Silver,  Plttsfield, 271 

Suutaug,  Lynnfield, 211 

Waban,  Wcllealey, 669,  765 

Watuppa,  Fall  River, 121,122 

Weuham,  Salem  and  Beverly  water  works, 285-287 

Williams,  Marlborough, 218-220 

Winnipiseogee,  Lake  Village,  N.  H.,       .         .  442,  448,  444-446,  447,  448,  745 

Lake  Village,  N.  H.,  lake  Winnipiseogee,       .        .  442,  443,  444-446,  447,  448,  745 

LakevlUe,  Assawompsett  pond, 172,  226,  495,  496,  745 

Elder's  pond 173,  495,  496 

Long  pond, 495,  496 

Great  Quittacas  pond, 495,  496 

Little  Quittacas  pond, 172,  173,  238,  684,  745 

Lancaster,  water  supply  of.     See  also  Clinton, 101-104 

Nashua  river  at, 476,  479,  480 

Lawrence,  description  of  water  works, 173-175 

analvses  of  water, 175-183 

references  to, 685,  692-694,  723-725,  793,  798-800 

Merrimack  river  at,  description  of , 173,174,440-447 

analyses  of  water, 175-177,447-461 
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Merrimack  river  at,  comparison  of  water  of,  at  different  points,   .        444-44G 

flow  of, 183,  462,  656-058 

Sliawsheen  river  at, 487 

daily  rainfall  at, 630-654 

analyses  of  sewage  at, 787 

Learned*s  pond,  Framingliam, 131 

Lee,  description  of  water  works^ 184 

analyses  of  water, 184,  185 

Codding  brook  storage  reservoir, 184,683 

Leicester : 

Kettle  brook,  Faxton, 185 

Leicester  or  Lynde  brook  storage  reservoir.     See  also  Worcester , .        371-374 

Shaw  pond, 296 

Lenox,  water  supply  of, 185,  186,  683 

Housatonic  river  at, 429,  436,  437 

Lily  pond, 186 

Yoken  river, 185 

Williams  river, 185 

Leominster,  description  of  water  works 187,  188 

analyses  of  water, 188-191 

Haynes  reservoir, 187-189,  683,  746,  767-773 

Morse  reservoir, 187,  189,  190,  683,  746 

Monoosnoc  brook, 468,  475 

Nashua  river  at, 468,  475 

Quarter-of-a-mile  brook, 187 

Lexington,  water  supply  of, 191,  192 

North  brook  storage  reservoir,  Arlington  water  works,         .        .         .         13 
Great  Meadows  storage  reservoir,  Arlington  water  works,    .        .        .         12 

Leyden,  Glen  brook, 143 

Light,  effect  of,  on  growth  of  organisms  in  water,       .         .  560,  009-614,  725-734 

Lily  pond,  Lenox, 186 

Lincoln,  water  supply  of.     See  also  Concord,        ....  87,  108,  192 

Beaver  pond, 87 

Sandy  pond 108 

Little  pond,  Brain  tree, 64,  00 

Little  Quittacas  pond,  Lakeville, 172,  173,  238 

See  also  Xew  Bedford. 

Little  South  pond,  Plymouth, 271-273 

See  also  Phjniouth. 

Little  Spy  pond,  Belmont, 17,  88 

Loml)ard  reservoir,  Springlleld, 297,  29S,  303,  085 

See  also  Sprinfjdeld. 
London  sewaij;e : 

analyses  of,       ...........        780-787 

chlorine  contents  of, 080 

Long  pond,  Brewster, GO 

Long  pond,  Lakeville 495,  490 

Long  lake,  Great  Barrington, 141 

Loss  on  ignition  of  residue  of  evaporation  : 

interpretation  of, 505,  500 

method  of  determination  of, 529-531 

relation  of,  to  organic  matter, 530 
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Lout  pond,  Plymouth, 271-274,  745 

Lowell : 

description  of  water  works, 192-194 

analyses  of  water, 194-200 

references  to 685,  692-694,  723-725,  793,  798-800 

Merrimack  river  at, 

description  of, 192,  193,  440-447 

analyses  of, 194-196,  447-461 

comparison  of,  analyses  of,  at  different  points,    ....       444-446 

flow  of, 183,  462,  656-658 

Concord  river  at, 411,414,415 

Lower  Mystic  lake,  Med  ford, 222 

Ludlow,  water  supply  of.     See  also  Springjield, 200 

Ludlow  reservoir,  Springfield  water  works, 296-301 

See  also  Sprint/Jield. 

Chicopee  river  at, 

flow  of 410,  656 

analysis  of  water, 408 

draina;?e  area, 407 

daily  rainfall  at, 630-654 

Axe  Factory  brook 297 

Broad  brook, 297,  302 

Higher  brook, 297,  302 

Wood's  pond 200 

Chapiu's  pond, 201 

Lynde  brook  storage  reservoir,  Worcester, 371-374 

See  also  Worcester, 

Lynde's  brook.  Sterling, 101 

Lynx,  description  of  water  works, 201-203 

analyses  of  water, 204-208 

Birch  pond,  description  of, 201-203 

analyses  of  water  of, 205,  206 

temperature  of  water  in, 660 

heights  of  water  In, 209 

references  to, 683,  746 

Breed's  pond,  description  of, 201-203 

analyses  of  water  of, 204,  205 

temperature  of  water  In, 660 

heights  of  water  hi, 209 

references  to, 683,  746 

Glen  Lewis  pond, 201-203 

Walden  pond, 201-203 

Canal, 207 

Hawkes  brook, '     .         201-203,  206,  207 

Penny  brook, 201-203,  207 

Saugus  river, 201 

Spring  pond, 265-266 

Flax  pond, 209-210 

Marbleliead  Water  Company, 310-314 

Lynnfield : 

Pilling's  pond, 210,  662,  749 

Suntaug  lake, 211 
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Mahkcenac  lake,  or  Stockbridge  bowl,  Stockbrldge, 308 

Maldeu,  de^ription  of  water  works, 211-213 

analyses  of  water, 213-216 

heights  of  water  in  Spot  pond, 215 

references  to, 685,  716,  744,  777 

Spot  pond,  Stoneham, 211-214,  685,  744 

Eaton's  meadows  wells, 212,  215,  216,  715,  777 

Doleful  pond,  Stoneham, 212 

Martin's  pond.    See  North  Beading, 

Mann's  pond,  Sharon, 291 

Mansfield,  water  supply  of, 217,  702 

Gate  springs, 217 

Mansfield  lake.  Great  Barrington, 141,  142 

Mansfield  Lake  Aqueduct  Company,  Great  Barrington,         .        .        .        .141 
Manufactures : 

in  Blackstone  river  basin, 385 

in  Cliarles  river  basin, 395,  390 

in  CUicopee  river  basin, .      407 

in  Concord  river  basin, 411,412 

in  Deerfield  river  basin, 420 

in  Hoosac  river  basin, 422 

in  Housatonic  river  basin, 430 

in  Merrimack  river  basin, 441 

in  Miller's  river  basin, 4G3 

in  Nashua  river  basin, 4ri9,  470 

in  Neponset  river  basin 484 

in  Taunton  river  basin, 493,  494 

in  Westfleld  river  basin, 515 

Manufacturing  wastes,  efiiect  of ,  on  chlorine  contents  of  water, 

680,682,692,  693,  712,  713 
Map,  showing  river  basins  and  points  at  which  samples  of  water  were  col- 
lected.    Frontispiece. 

of  normal  chlorine, facing  680 

of  Hoosac  river,  showing  analyses  at  various  points,  ....  423 
of  Housatonic  river,  showing  analyses  at  various  points,  .  .  .  431 
of  Nasliua  river,  showing  analyses  at  various  points,     ....       472 

of  Jamaica  pond, 065 

Marblehcad : 

description  of  water  works, .        .310 

analyses  of  water, 310-314 

temperature  of  water, 073,  675 

proposed  water  supply 218 

Marlborough : 

description  of  water  works, 218 

analyses  of  water, 219-221 

Lake  Williams, 218-220,  685,  721,  722,  744 

Marshall  distributing  reservoir,  Fitchburg, 123 

Martin's  brook,  North  Reading, 440 
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Martin's  pond,  North  Rcadlt^, 269 

Massachusetts  reformatory,  Concord,  water  supply  of,        .         109,  110,  705,  712 

Massapoag  lake,  Sharon, 291 

Matfleld  river, 496,  497 

Mattapan,  Neponset  river, 487,  656 

Maynard,  water  supply  of, 221 

Assabet  river  at, 414 

Meadow  brook,  East  Bridgewater, 497,  500 

Medford,  description  of  water  works, 222 

analyses  of  water, 213,214,222 

references  to, 685,  716,  744 

Spot  pond.     See  Maiden, 

Upper  Mystic  lake.     See  Boston,  Mystic  Works, 

Lower  Mystic  lake, 222 

College  Hill  reservoir,  Boston  water  works, 37,  60,  61 

See  also  Boston,  Mystic  Works, 

Saville's  ice  pond, 222 

Melrose,  description  of  water  works, 223 

analyses  of  water, 213-214 

references  to, 685,  715,  744 

Spot  pond.     See  Maiden. 

Ell  pond 223 

Merrimack  river : 

description  of  river  basin,        ....  173,  174,  192,  193,  440-447 

flow  of, ."        .  183,  462,  656-658 

drainage  areas  and  population  in  basin, 441,  442 

manufactures  in  basin, 441 

pollution  and  self  purification  of 692-694,  793,  798-800 

comparison  of  analyses  at  different  points  on,         .        .        .       444,  446,  799 
analyses  of  water  of, 

at  Lake  Village,  N.  H., 447,  448 

at  Nashua,  N.  H., 448,  449 

at  Lowell, 450-454 

at  Lawrence, 455-459 

at  Haverhill, 459-461 

references  to, 685,  722-725 

Meteorological  society,  New  England, 629,  659 

Methods  of  chemical  analysis.     See  Analysis,  Chemical. 

Methods  of  microscopical  examination, 581-583 

Methuen,  water  supply  of.     See  Lawrence. 
Microbes.     Sec  Bacteria. 

Micro-organisms  in  water,  effect  of, 537 

See  also  Organisms  and  Bacteria. 
Microscopical  examinations : 

report  of  the  biologist  upon, 579-620 

methods  of, 581-583 

explanatory  note  on, 4-6 

of  water  supplies,  arranged  alphabetically  by  towns,     ....   6-378 
of  rivers,  arranged  alphabetically  by  river  basins, ....       379-516 
Sec  also  Onjanisnis. 
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Mlddleborough : 

description  of  water  works,     .        .        .        .     '   .        .        .        .       223,  224 

analyses  of  water, 224-227 

references  to, 672,  705,  710,  728,  729 

Assawompsett  pond.     See  Lakemlle, 
Great  Quittacas  pond.     See  Lakeville. 

Taunton  river  at, 69-72,  495 

Nemasket  river  at, 226,  227,  495-497,  603-506 

Middlesex  Aqueduct  Company,  Arlington, 16 

Middleton,  water  supply  of, 227 

Middleton  pond  or  Forest  lake, 111-113 

See  also  Danvera. 

Miles  river, 439 

Mil  ford,  water  supply  of, 227-229,  705,  708 

Charles  river  at : 

analyses  of  water  of 396-398 

drainage  area,  etc.,  of, 394 

pollution  of, 791 

Mill  brook,  Worcester, 383 

Mill  river,  Taunton, 495,  497 

Millbury,  proposed  water  supply  of, 229 

Blackstone  river  at : 

drainage  area,  etc.,  of, 384 

flow  of, 392,  656 

Siugletary  pond, 229 

Miller's  river: 

description  of  river  basin, 462-4G5 

analyses  of  water  of, 4G5-467 

drainage  areas  and  population  in  basin, 404 

manufactures  in  basin 463 

flow  of, 467,  ijo(y 

reference  to, 263 

Millvillc,  Blackstone  river  at : 

drainage  area,  etc.,  of, 384 

analyses  of  water  of, 390,  391 

pollution  and  self  purification  of 790,  792,  794-798 

Mine  brook,  Franklin, 131,133 

Mine  fulls,  Nashua,  N.  H.,  Nashua  river  at, 468 

Mohawk  lake,  or  Hagar  pond,  Stockbridge, 307 

Mouoosnoc  brook,  Leominster,       . 408,  475 

Monson,  State  primary  school,  water  supply  of, 230 

Montague,  water  supply  of, 230-232 

Lake  Pleasant, 230-232,  684,  745 

Green  pond, 232 

Connecticut  river  at  Turner's  Falls, 417,418 

Miller's  river  at  Miller's  Falls, 405-467 

Montgomery,  Moose  meadow  brook  reservoir, 353-355 

Moose  meadow  brook  reservoir,  Montgomery, 353-355 

Morse  reservoir,  Leominster, 187-190 

See  also  Donunstcr. 
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Mother  brook,  description  of, 482 

diversion  of  water  into,  from  Charles  river, 393 

at  East  Dedhara,  flow  of, 406,  066 

Muddy  brook,  Ware 332 

Mystic  upper  lake,  Boston  water  works, 35-37,  59, 60 

See  also  Boston,  Mystic  JVorks. 
Mystic  lower  lake,  Medford, 222 

Nahant,  water  supply  of, 232 

See  also  StcampscoU. 

Nantucket,  water  supply  of, 232,  233,  661,  683,  744 

Wannacoraet  pond, 282,233,661,683,744 

Nashua,  N.  H.,  Merrimack  river  at.     See  Merrimack  river, 
Nashua  river  at.     See  Nashua  river. 

Nashua  river : 

description  of  river  basin, 4G7-473 

drainaj^e  areas  and  population  In  basin, 468,  469 

flow  of,  at  Nashua,  N.  H., 482,  656 

manufactures  In  basin, 469,470 

map  of,  sliowlng  analyses  at  various  points 472 

references  to, 661,  662 

analyses  of  water  of : 

at  Fitchburg 473,  474 

at  Leominster, 475 

at  Clinton, 477,  478 

at  Lancaster, 476-480 

at  Nashua,  N.  H., 480,  481 

Natick,  description  of  water  works 234 

analyses  of  water, 234-237 

height  of  water  in  Dug  pond, 236 

Dug  pond,        ' 234-236,686,700,744 

Pegan  brook, 790 

Charles  river  at  South  Natick, 394 

Lake  Cochituate 32-34,  61,  62 

See  also  Bnston,  Cochituate  Works, 

Natural  filtration  of  water, 773-781 

Naukeag  Water  Company,  Ashburnham, 17,  18 

Naukeag  pond,  Upper, 19,  749 

Need  ham,  Charles  river  at  Newton  water  works, 247,  248 

Rosemary  pond, 237 

springs, 237 

Nemasket  river, 495-497,  503-505 

Neponset  river : 

description  of  river  basin, 482-485 

drainage  areas  and  population  In  basin, 482,  483 

manufactures  in  basin, 484 

diversion  of  water  from  Charles  river  Into, 393 

flow  of,  at  Mattapan, 656 

analyses  of,  at  Hyde  Park, 166,  167,  485,  486 
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Ncsslerization, 

Kevin's  brook,  Gill,  .'  .  .  . 
New  Bedford,  description  of  water  works, 

analyses  of  water,     .... 

Acushnet  reservoir,  .... 

Little  Quittacas  pond, 

daily  rainfall  at,        ...        . 


Page 
624-626 

136 

237,  238 

239-241 

237-241,  647,  683,  723-726,  746 

172,  173,  238,  684,  746 

630-654 


Newburyport,  description  of  water  works, 241 

analyses  of  water, 242 

references  to, 672,  702 

New  England  meteorological  society, 629,  659 

Newton,  description  of  water  w^orks,     .        . 243 

analyses  of  water, 244-247 

references  to, 702 

Cliarles  river  at : 

drainage  area,  etc.,  of, 394 

flow  of, 405,  656 

analyses  of  water  of, 400,  401 

Hammond's  pond, 249 

Newton's  pond,  or  Buckman  brook  storage  reservoir,  Atbol,        .        .        .  19,  20 

Nine  Mile  pond,  Barnstable, 28 

Nitrates,  nitrogen  as  : 

method  of  determination  of, 628 

interpretation  of,  in  surface  waters, 656-664 

Interpretation  of ,  in  ground  waters, 671-577 

in  rain-water, 5C2 

in  unpolluted  waters, 687 

effect  of  storage  on, 732,  733,  738-740 

in  Jamaica  pond  at  different  depths, 754-763 

Nitrites,  nitrogen  as : 

method  of  determination  of, 527,  528 

Interpretation  of,  in  surface  waters, 556-564 

in  ground  water, 571-577 

in  rain-water, 5h2 

In  unpolluted  waters, 687 

effect  of  storage  on, 

In  Jamaica  pond  at  different  depths. 

Nitrogen : 

as  nitrates.     See  Nitrates, 
as  nitrites.     See  Nitrites. 

in  deep  ponds, 

in  organisms  of  Ludlow  reservoir,  Springfield, 
loss  of,  by  filtration,         .... 
organic,  method  of  determination  of, 
description  of  Kjeldahl  nitrogen  process, 
relation  of,  to  albuminoid  ammonia,     . 

Nookagee  river,  West  Fitchburg, 

Normal  chlorine,  map  of, 
discussion  of,    . 

Normal  rainfall  in  Massachusetts, 

Normal  temperature  of  air. 


738-740 
754-763 
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754-763 

.   549 

703,  704 

526,  527 
.   526 

527,  549 
.   474 

facing  680 
45,  679-682 
.   629 
659 
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Normal  temperature  of  water  In  ponds  and  reservoirs, ....  663,  064 
North  Adams,  water  supply  of  North  Adams  fire  district,     .        .        249-251,  683 

Notch  brook 249-250,  422,  425-426 

Broad  brook,  Pownal,  Vt., 249,  261 

Hoosac  river  at, 422,  425,  426 

Northam[)ton,  water  supply  of, 251-253,  684 

Koberts'  meadow  brook, 251,  252 

North  Andover,  Great  pond, 253 

North  Attleborough,  description  of  water  works, 254 

analyses  of  water, 254-257 

temperature  of  water, 672,  675 

references  to, 706,  708,  728,  729 

Whitlnji's  pond 264.  256,  257 

Ten  Mile  river,  analyses  of, 512,  613 

dra!na<i;e  area,  etc.,  of, 611 

Northborough,  description  of  water  works 258 

analyses  of  water, 258,  259 

Cold  Harbor  brook  storage  reservoir, 268,  084,  746 

Assabet  river  at, 411-413 

Northbridge,  water  supply  of, 259 

North  brook,  Lexington, 13-16 

North  Easton  village  district,  water  supply  of ,      .        •    .•    •        •        •       118,119 
See  also  Katfton. 

North  Hcatiing,  Ipswich  river, 440 

Martin's  brook, 440 

Martin's  pond, 259 

Swan's  pond, Ill 

North  VVatuppa  lake.  Fall  River, 120-122 

Norwell,  Accord  pond, 148-160 

See  also  Ilinrfham. 

Norwood,  description  of  water  works, 260 

analyses  of  water, 200-263 

Buckmaster  pond 260,  261,  686,  695,  721,  722,  745 

Coleman's  brook,       ...  260 

Foundry  brook, 260 

Notch  l)rook,  North  Adams, 249,  250,  683 


o. 


Odors,  method  of  determination  of, 

effect  of  storage  on, . 

of  surface  waters,     . 

relation  of,  to  organisms, 
Onota  lake,  Pittsfleld, 


.   531 

.   740 

667-569 

668,  669,  583-687 

270,  429,  434 


Open  distril)uting  reservoirs,  effect  of  storage  of  water  in,    660,  720-728,  780-734 

Open  tanks : 

storage  of  surface  water  in, 725 

storage  of  ground  water  in, 729,  730 

Orange,  water  supply  of, 263,  702 
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Orange,  Miller's  river  at : 

drainage  area,  etc., 464 

flow  of, 467,  656 

reference  to, 2G3 

Organic  matter : 

relation  of,  to  loss  on  Ignition, 530 

In  Ludlow  reservoir,  Springfield, 549 

Organic  nitrogen : 

method  of  determination  of 526,  627 

description  of  Kjeldahl  nitrogen  process 526 

relation  of,  to  albuminoid  ammonia, 527,  549 

Organisms : 

report  upon, 579-620 

methods  of  examination  of, 581-583 

explanatory  note  on  microscopical  examinations, 4,  5 

seasonal  distribution  of, 597-600 

effect  of  light  on, 609-611 

relation  of,  to  tastes  and  odors,       ....  567-569,  583-587,  747,  748 

growth  of,  in  open  reservoirs, 726-734 

effect  of,  on  water, 691,  800-802 

purification  of  water  rendered  Impure  by  organic  growths,    .        .       609-614 

distribution  of.  In  waters  variously  situated, 601-608 

in  Jamaica  pond  at  different  depths,         ......       763,  764 

in  waters  of  Boston,  Charlestown  and  Cambridge,         .        .        .        587-597 

Osclllaria : 

in  Jamaica  pond, 750,  763,  764,  770,  773 

Otter  river,  Gardner, 464 

Overlook  reservoir,  Fitchburg, 122,123,125,126 

See  also  FUchhimj. 

Ownership  of  water  works, 628 

Oxygen,  absence  of,  in  the  bottom  of  deep  ponds  in  summer,       .        .       653,  753 


p. 

Palmer,  description  of  water  works, 264 

analyses  of  water, 264,  205 

reference  to, 683 

Parker,  G.  II.,  biologist,  report  of, 579-620 

Parker  hill  reservoir,  Boston, 35,  67,  737,  738 

See  also  Boston,  Cochltuate  Works. 

Paxton,  Kettle  brook, 185 

Peabody,  description  of  water  works, 2G5 

analyses  of  water,     .         . 266,  267 

Brown's  pond,  references  to, 265,  200,  CS3,  745 

Spring  pond,  references  to 265,  200,  083,  745 

Suntiiug  lake, 211 

Pegan  brook,  Natiok,  pollution  of, 790 

Pelham,  Amethyst  brook, 11,  12 

Pembroke,  Hig  Sandy  pond, 6,  7,  601 

Pemigewassct  river, 442 
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Penny  brook,  Lynn, 201-203,  207 

Pentucket  lake,  or  Round  pond,  Haverhill,    ....         144,  147,  685,  744 

Phillipston,  Phillipston  pond, 267 

Philllpston  resenolrs,  Athol  water  supply,     ....    19-21,  684,  746 

Pilling's  pond,  Lynnfleld. 210,  662,  749 

Pipes,  growth  of  sponge  in, 614-620 

purification  of  water  In,  at  Lawrence, 724,  726 

temperature  of  water  In, 674 

crenotlu-lx  in, 780 

Plttsflcld,  description  of  water  works, 268 

analyses  of  water, 268-270 

Ashley  lake, 268,  269,  683 

Ashley  reservoir, 268,  683 

Sackett  reservoir, 268,  683 

Silver  lake, 271 

Housatonic  river, 429^  430,  433,  436 

Lake  Onota, 270,  434 

Pontoosuc  lake, 270,  434 

Plants,  purification  of  water  by 691,800-802 

Pleasant  Lake,  Montague, 230-232,  684,  746 

Plug  pond,  or  Lake  Saltonstall,  Haverhill, 144,  147,  148 

Plymouth,  description  of  water  works,  .        .        .        .        .        .       271,272 

analyses  of  water, 272-274 

Great  Sout'h  pond, 271-273,  683,  745 

Little  South  pond, 271-273,  683,  745 

Lout  pond, 271-274,  745 

Boot  pond, 271 

Pollution  : 

value  of  chemical  analysis  in  discovering,     ^.        .         536,  536,  540,  541,  557 
effect  of,  on  bad  tastes  and  odors  in  surface  water  supplies, .        .       740-749 

on  chemical  analysis, 539-645,  567,  558,  688-690 

on  chlorine  contents  of  waters, 642-546,  679,  680 

of  streams, 785-802 

of  surface  waters  by  sewage,  proof  of, 550,  561 

of  Blackstonc  river, 790-793 

of  Charles  river,  Milford, 791 

of  Coachlacc  brook,  Clinton, 790 

of  Merrimack  river 692-694,  793,  798-800 

of  Pegan  brook,  Natick, 790 

of  Stacy's  brook,  Swampscott, 790 

Ponds.     See  also  Lakes  and  Surface  Waters. 

comparison  of,  with  storage  reservoirs, 735 

efiect  of  depth, 653,  554,  740-767 

nalurnl,  number  of,  used  as  sources  of  public  water  supply,  .        .        .      627 

organisms  in 603-608 

seasonal  distribution  of  free  ammonia  in, 651,  552 

storage  of  surface  waters  in, 734-749,  767-773 

temp<^rature  at  different  depths, 664-670 

and  reservoirs,  temperature  of  water  In, 660,  661 
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The  following  is  a  list  of  all  the  ponds  referred  to  in  this  volnme.    They  are  more 

completely  indexed  by  towns. 
Ponds — continued.  Paob 

Accord,  HiDgham, 148-150 

Ashley  and  Wright,  Holyoke, 162,  153,  156,  157 

Assawompsett,  Lakeville, 172, 226 

Beaver,  Franklin, 131,133 

Beaver,  Lincoln, 87 

Bell,  Worcester, 872, 378 

Big  Sandy,  Pembroke,  Ablngton  and  Rockland  water  works,         .        .  6 

Birch,  Lynn, 201-203,  205,  206,  209 

Boot,  Plymouth, 271 

Breed's,  Lynn, 201-203,  204,  206,  209 

Brown's,  Peabody, 265,  266 

Buckraaster,  Dedhara,  Norwood  water  works,        ....       260,  261 

Chapin's,  Ludlow, 201 

Chauncy,  Westborough, 361,  661,  745 

Clapp's,  Provlncetown, 274 

Day's  upper,  Gloucester, 138 

Day's  lower,  Gloucester, 139 

Doleful,  Stoneham, 212 

Dudley,  Wayland,  Boston  water  works, 33,  51 

Dug,  Natick, 234-236 

Elder's,  Lakeville, 173,  495,  496 

Ell,  Melrose, 223 

Factory,  Brockton, 78 

Farm,  Framiughara, 29-31,  129 

Flax,  Lynn, 209,  210 

Forge,  Freetown, 133 

Fresh,  Cambridge, 86-92 

Fulling  Mill,  Hingham, 148,  149,  151 

Gates,  Berlin,  Hudson  water  works, 161,162 

Gleason's,  Framingham, 131,  201-203 

Glen  Lewis,  Lynn, 201-203 

Great,  Eastlmm, 116 

Great,  North  Audover, 253 

Great,    Randolph    and    Bralntree,    Randolph    and    Holbrook    water 

works, 279,  280 

Great,  Weymouth, 357 

Great  Quittacas,  Lakeville, 495,  406 

Great  South,  Plymouth, 271,  272 

Green,  Montague, 232 

Hagar,  or  Mohawk  lake,  Stockbrldge 307 

Hanmiond's,  Newton, 249 

Herring,  Ea^tham, 116 

Heywood's,  Sterling, 104 

Hobart's,  Whitman, 359-361 

Horn,  Woburn, 366,  367,  369-371 

Jamaica,  Boston, 37,  63.  64 

Learned's,  Framingham, 131 

Lily,  Lenox, 186 
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Little,  Braintree, 64,  66 

Little  Qiiittacas.  Lakcville, 172,  173,  238 

Little  South,  Plymouth, 271-273 

Little  Spy,  Belmont 17,  88 

Long,  Brewster, 66 


> 


Long,  Lakeville, 495,  496 

Lout,  Plymouth, 271-274 

Mann's,  Sharon, 291 

Martin's,  North  Heading, 259 

Mlddleton  or  Forest  lake,  Mlddleton,  Danvers  water  works,  .        111-113 

Naukeag,  Upper,  Ashbumham, 19 

Newton's,  or  Buckman  brook  storage  reservoir,  Athol,  .        .        .        .  19,  20 

Nine  Mile,  Barnsta!)le, 28 

Phlllipston,  Philllpston, 267 

Filling's,  Lynnfleld 210,  662,  749 

Plug,  or  Lake  Saltonstall,  Haverhill, 144,  147,  148 

Putnam's,  Danvers, 114 

Kosemary,  Needham, 237 

Round,  or  Lake  Pentucket,  Haverhill, 144,  147 

Sand  Bank,  Chlcopee, 96,  98,  708 

Sandra,  Westborough, 108,  347,  348,  746 

Sandy,  Lincoln, 108 

Sandy,  Ayer, 28 

Savllle's  ice,  Med  ford, 223 

Shank  Painter,  Provincetown, 274 

Shaw,  I/elcester,  Spencer  water  works, 296 

Slngletary,  Miin)ury, 229 

Smith,  or  Crystal  lake,  Wakefield, 322,  823 

Spot,  Stoneham,  Maiden,  Medford  and  Melrose  water  works,       .        211-215 

Sprague,  Ilydc;  Park, .       167 

Spring,  Pcabody, 265,  266 

Spy,  Arlington, 17 

Stockbrldge  l)owl,  or  Lake  Mahkeenac,  Stockbrldge,     ....      308 

Swan's,  North  Reading, Ill 

Tyng's,  Tyngsborough, 320 

Upper  Naukeaig,  Ashbumham, 19 

Walden,  Lynti, 201-203 

Wallace,  Gloucester, 0.        ,         .         .       136 

Wannacomet,  Nantucket, 232,  233 

Warner's,  Concord. 110 

Waushakum,  Sherbom, 291,  292 

Webster's,  (lloucester, 139 

White,  Ilutlson  and  Stow,  Maynard  water  works,  .        .        .        .221 

Whiting's,  North  Attleborough,       ....         254,  256,  257,  511,  612 

Wllllston,  Easthampton, 116,  746 

Winter,  Wincliester 366 

Wlthercirs,  Wrentham, 511 

Wood's,  Ludlow, 200 

Wright  ami  Ashley,  Holyoke, 152,  153,  156,  157 

York.  Canton, 93,  94 

Pontoosuc  lake,  PittsOcld, 270,  429,  434 
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Population  of  cities  and  towns  having  public  water  supplies,        .        .       626,  627 

Porter's  spring,  Avon, 25 

Powow  Hill  Water  Company,  Amesbury, 9,  10 

Precipitation.     See  liainfalL 

Private  water  companies,  number  of  cities  and  towns  supplied  by,      .        •      628 

Provlncetown,  proposed  water  supply  of ,      .        .        .        .  '     .        •       274,  275 

Purification,  self  purification  of  streams 793-802 

of  sewage, 673,  674,  688,  689 

of  water : 

by  filtration, 706-708.  773,  781 

by  vegetation, 652,  691,  800-802 

rendered  impure  by  organic  growtlis, 609-614 

Purity,  standards  of, 535,  645-647,  677,  686 

Putnam's  pond,  Danvers,         . 114 


Q. 

Quaboag  Aqueduct  Company,  West  Brookfield, 361-363 

Qaaboag  river, 406,  407 

Qaallty  of  water  : 

classification  of  substances  found  in  water, 633 

value  of  chemical  analysis  in  determining, 635-540 

of  brown  or  swamp  waters, 546-550 

of  rain-water, 663 

of  hard  waters, 665 

of  ground  waters, 574-576 

discussion  of  special  topics  relating  to, 717-782 

Quannapowitt,  lake,  Wakefield, 323 

Quarter-of-a-raile  brook,  Leominster, 187 

Quequechan  river,  Fall  River, 120 

Queset  river,  Easton, 118 

Qulncy,  description  of  water  works, 275,  276 

analyses  of  water, 27G-278 

Town  brook  storage  reservoir,         ....         275,  276,  278,  685,  697 

Qulnnepoxct  river, 467 

Qulnsigamond  village,  Worcester,  Blackstone  river  at : 

.■* 

flow  of, 392 


analyses  of  water  (^ 387,  388 

drainage  area,  etc., ^f, 384 


R. 

Randolph  and  Holbrook : 

description  of  water  works,     . 278,  279 

analj'ses  of  water, 279,  280 

Great  pond, 279,  280,  685,  744 

Rainfall,  records  of, 628-654 

daily,  at  ten  places  in  Massachusetts, 630-654 

normal,  in  Massachusetts, 629 

excess  or  deficiency  of,  during  years  1887-1889, 629 
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Rain-water,  chemical  analysis  of, 662 

interpretation  of  free  ammonia  in, 563,  564 

storage  of,  in  cisterns, 563,  564 

Readville,  Sprague  pond, 167 

Records  of  flow  of  streams, 655-658 

ofralnfaU, 628-654 

of  temperature  of  air  and  water, ,    659-676 

Reformatory,  Massachnsttts,  at  Concord,  water  supply  of, .        109,  110,  705,  712 
Reformatory  prison  for  women,  Sherbom,  water  supply  of,         .  291,  292 

Relation  of  color  to  albuminoid  ammonia, 567 

Relation  of  organisms  to  odors  in  natural  waters,  .  667-569,  583-587,  747,  748 

Renfjrew  Manufacturing  Company,  Adams : 

Hoosac  river  at, 422,  425 

wells  of, 8 

Report  upon  the  organisms  found  in  waters  of  the  State,     .        .        .       679-620 

See  also  Tanks. 
Reseuvoirs,  Distributing  : 

effect  of  storage  of  surface  water  In  open, 7  0-725 

effect  of  storage  of  ground  water  In  open,       .        .  560,  725-728,  730-734 

effect  of  storage  of  ground  water  in  covered, ....       728,  729,  734 

temperature  of  ground  water  in, 675 

diagram  showing  comparative  temperatures  of  surface  water  in  a  res- 
ervoir and  as  delivered  to  consumera» 674 

organisms  in  covered, 603-608 

alga'  in  ground  waters  stored  in,      .        .        .        .  660,  726-728,  730-734 

The  following  is  a  list  of  all  the  distributing  reMrroirt  referred  to  in  this  volume. 

They  are  more  completely  indexed  by  towns. 

Amcsbury, 10 

Athol, 20 

Ayer, 25,  27 

Boston : 

Brookllne  reservoir, 34,  54,  55 

Chestnut  hill  reservoir 34,53,54 

College  hill  reservoir, 87,  CO,  61 

Fislier  hill  reservoir, 35,  56 

Parlvor  hill  reservoir, 35,  57 

Brookline, 79,  80,  82,  83 

Cambridge, ,     ....        88 

Chelsea, 94 

Cheshire 95,  421-424 

Chlcopce  central  fire  district, 96 

Chicopec  Falls  fire  district, 99 

Clinton, 102 

Cohasset, 104-107 

Concord, 108 

Danvers, Ill,  113 

Fltchbiirg,  Marshall, 123 

Overlook, 122,  123,  125,  126 

Gardner, 134,  135 

Gloucester, 136-138 

Hyde  Park, 163,  165,  1G6 
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Reservoihs,  Distributing  —  Concluded, 

Kingston, 168,  170,  171 

Lawrence 173,  174,  179,  180 

Lee, 184,  185 

Lenox, 185,  186 

Leominster, 187,  188,  190,  191 

Lincoln, 192 

Lowell 194,  198-200 

Lynn 201-203,  208 

Marlborough, 218,  220,  221 

Melrose, 223 

Montaigne, 230,  231 

Natick, 234,  236 

New  Bedford, w         .        .         .        238,  240,  241 

Newton, 243,  245,  246 

North  Adams, 249 

Norwood, 260,  262 

Peabody,   265-267 

Plymouth, 271,  272 

Revere, 281,  283,  284 

Salem, 286,  287,  288 

Springfield,  Lombard, 297,  298,  303 

Van  Horn, 297,  298,  304 

Tewksbury,  State  almshouse, 318 

Waltham, 324,  326,  327 

Ware 329,  331,  332 

Webster, 341,  342 

Wellesley, 343,  345,  34G 

Westtield, 354,  355 

Willianistown, 362 

Winchester, 364 

Woburn, 360,  368,  369 

Worcester : 

Hunt  reservoir, 372,  374,  375 

Tatnuck  brook, *       .         .         .       372,  377 

Reservoihs,  Storage  :  See  also  Ponds. 

effect  of  depth, 553,  554,  740-767 

organisms  in, 603-608 

number  of,  used  as  sources  of  public  water  supply,        ....       627 

temperature  of  water  in, 660,  661,  664-670 

comparison  of,  with  ponds, 735 

effect  of  storage  of  surface  waters  In,     .        .        .        .  734-749,  767-773 

The  following  la  a  li«t  of  all  the  storage  reservoirs  referred  to  In  this  volume. 
They  are  more  completely  indexed  by  towns. 

Adams,  Bassett  brook, 7,  8 

Dry  brook, 7,  8 

Amherst,  Amethyst  brook, 11,  12 

Arlington, 13-15 

Ashburnham, 17,  18 

Athol : 
Buckman  brook, 19,  20 
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Reservoirs,  Storage-—  ContinuecU 

Athol — Concluded.  Page 

large  Phillipston, 19-21 

small  rhiUipston, 19-21 

Boston : 

reservoir  1 , 30-32 

reservoir  2, 30-32,  42-44 

reservoir  3, 30-32,  45-47 

reservoir  4 80-32,  88-42 

Brockton,  Salisbury  brook, 73-75 

Brookfleld, 78,  79 

Cambridge,  Stony  brook, 86-90 

Cheshire, 94,  96 

Chicopee  central  fire  district,  Dingle  brook, 9G,  97 

Clarksburg, 421 

Clinton,  "  the  basin," 101-104 

Dalton 110 

Easthampton,  Williston  pond, 116-118 

Fitchburg  ; 

Falulah, 122,  123,  126-128 

Overlook, 122,  123,  125,  126 

Scott 122,  123,  124,  125 

Gloucester,  Dike's  brook, 136-138 

Great  Barrington, 140-142 

Greenfield,  Glen  brook, 142,  143 

Ilingham,  Fulling  mill  pond, 148,  149,  151 

Hinsdale, 152 

Holyoke,  Bray  brook, 153 

Lee, 184,  186 

Lenox, 185 

Leominster,  Haynes, 187-189 

Lynn : 

Birch  pond, 201-203,  205,  206,  209 

Breed's  pond, 201-203,  204,  205,  209 

Glen  Lewis  pond, 201-203 

Walden  pond, 201-203. 

Milford, 227 

Monson  State  primary  school, 230 

New  Bedford,  Acushnet, 237-240 

Newburyport, 241,  242 

North  Adams, 249 

Northampton, 251,  252 

Northborough, 258 

Nortlibridge, 259 

Orange, 263 

Palmer, 264 

Pittsficld,  Ashley, 268-270 

Sackett, 268,  269 

Quincy,  Town  brook, 275,  276,  278 

Richmond, 285 

Southbridge, 293 

South  Hadley  Falls  fire  district, 294-295 
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Reservoirs,  Storage  —  Concluded. 

Springfield,  Ludlow  reservoir, 296-301 

Belchertown  reservoir, 297 

Stockbridge, 306 

Uxbrldge, 321 

Wayland 837,339-340 

Westborough, 347-348 

Westfleld, 354-356 

West  Springfield, 365-^56 

Winchester, 364-365 

Worcester,  Holden  or  Tatnuck  brook  reser\'olr,     .        .         371-372,  375-376 

Leicester  or  Lynde  brook  reservoir, 371-374 

Residue  of  evaporation,  method  of  determination  of,   .        .        .        .       629-631 

interpretation  of, 664-566 

Revere,  description  of  water  works, 281 

analyses  of  water, 282-284 

temperature  of  water  In  wells, 673,  675 

references  to, 717,  725-728 

Crystal  brook,  Saugas, 281 

Richmond  Iron  Works,  water  supply  of, 285 

Rivers : 

descriptions  of  the  river  basins ;  chemical  and  biological  examinations 

of  the  waters, 379-516 

explanatory  note  on  examination  of , 381 

flow  of 655-668 

See  also  Streams. 

Riverside  Village,  Gill,  water  supply  of, 186 

Roberts*  meadow  brook,  Northampton, 251-252 

Rochester,  Great  Qiiittacas  pond, 495 

Rockland,  water  supply  of.     See  Ahington. 

Bi^' Sandy  pond 6,7,601,685,745 

Accord  pond.     See  Hinfjham. 

Rosemary  brook,  Wellesley, 343,  346 

Rosemary  pond,  Needliam, 237 

Round  pond,  or  Lake  Pentucket,  Haverhill, 144,147 

Roxbury,  Stony  brook, 490-493 

s. 

Sackett  reservoir,  Pittsfleld, 268-269 

See  also  Pittsfldd. 

Salem,  description  of  water  works, 285-286 

analyses  of  water, 286-288 

temperature  of  water, 600,  609-070,  705,  767 

Wenliam  lake,    .         .         .     285-287,  600,  009-070,  085,  721-722,  745,  705,  767 

Spring  pond.     See  also  Peabodi/, 265-266 

tul)ularwell, 218 

daily  rainfall  at, 630-654 

Salisbury  brook,  Avon, 74 

Salisbury  l)rook  reservoir,  Brockton, 73-75 

See  also  Bruckton. 
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Salisbury  Plain  river, 496-499 

Saltonstall  lake,  or  Plug  pond, 144,  147-148 

See  also  Haverhill. 

Samples  of  water  for  analysis,  collection  of , 619-521 

Sand  Bank  pond,  Chicopee, 96,  98,  708 

See  also  Chicopee, 

Sandra  pond,  Westborough, 347-348,  746 

See  also  Westborough, 

Sandy  pond,  Ayer, 28 

Sandy  pond,  Lincoln, 108,  683,  746 

See  also  Concord, 

Sapoo  brook,  Sharon, 291 

Satucket  river, 496-497,  601 

Saugus,  water  supply  of.     See  Lynn, 

Crystal  brook, 281,  289 

Bircli  pond.     See  also  Lynn, 201-208,  205 

Breed's  pond.     See  also  Lynn, 201-204 

Glen  Lewis  pond.     See  also  Lynn^ 201-208 

Walden  pond.     See  also  Lynn, 201-203 

Hawkcs  brook.     See  also  Lynn, 201-203,  206 

Penny  brook.     See  also  Zj/ww, 201-203,207 

Saugus  river, 201 

tubular  well  in, 289 

Saville's  ice  pond,  Medford, 222 

Scale  of  color, 4,  631,  632 

Sccnedesmus  in  Hyde  Park  reservoir, 731 

Scott  reservoir,  Fitchburg,      ....        J*      ...        .        122-125 
See  also  Fitchburg. 

Seasonal  distribution  of  free  ammonia, 651-566 

Seasonal  distributlou  of  organisms, 597-600 

Sediment,  metiiod  of  determination  of, 632 

interpretation  of, 666 

Self  puriflcation  of  streams, 793-802 

Seven  Mile  river, , 407 

Sewage,  analyses  of, 638,  786-787 

effect  of,  on  chemical  analysis  of  water,  ....         661,  688-690,  789 

chlorine  of, •        .         .       680 

table  of  calculated  composition  of,  with  different  degrees  of  dilution,  788,  789 
diagram  showing  comparative  temperatures  of  water  and  sewage,        .      676 

Shank  Painter  pond,  Provincetown, 274 

Sharon,  description  of  water  works, 289 

analyses  of  water, 290 

references  to, 705,  710,  729-730 

Mann's  pond, 291 

Sapoo  brook, 291 

Shattuck  brook,  Fitchburg, 123 

Shaw  pond,  Leicester,  Spencer  water  works,         ....       296,  684,  744 

Shawsheen  river, 487-489 

Shelburiie,  water  supply  of, 291 

Sherborn,  reformatory  prison  for  women,  water  supply  of,  .         291-292,  685,  745 
Waushakum  pond, 291-292,685,746 
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Sherman  spring,  Williamstown, 863 

Shrewsbury,  Cold  Harbor  brook,  Northboroogh  water  works,     .        .        .258 

Shumatuscacant  river,  Whitman, 497 

Silver  lake,  Pittsfleld 271 

Singletary  pond,  Millbury, 229 

Slater  Manufacturing  Company,  Webster,  water  supply  of,  .        .       340-342 

Smith  pond,  or  Crystal  lake,  Wakefield, 322,  323 

Snake  brook  storage  reservoir,  Wayland, 337,  339,  340 

See  also  Wayland. 
Solids.     See  liesidue  of  evaporation. 
Solids,  dissolved,  amount  added  to  streams  by  domestic  sewage,         .        .      789 

amount  of,  per  inhabitant  in  sewage, 787,  788 

Somerville,  water  supply  of, 292 

See  also  Boston,  Mystic  Works. 
South  Adams  fire  district.    See  Adams. 
Southborough,  Stony  brook, 45,  46 

See  also  Boston,  Cochituate  Works. 

Southbrldge,  water  supply  of, 293,  294,  683,  746 

South  Hadley,  water  supply  of  South  Hadley  Falls  fire  district,  .       294,  295,  684 

Buttery  brook, 294,  295 

South  Natick,  Charles  river  at, 394 

Spencer,  water  supply  of, 296,  684,  744 

Shaw  pond, 296,  684,  744 

Seven  Mile  river, 407 

Sponge,  growth  of,  in  water  supplies, 614-620 

growth  of ,  in  Boston  w^ater  supply 617 

experiment  on  growth  of, 618,619 

Spot  pond,  Stoneham,     .• 211-214 

See  also  Maiden. 

Spragiic  pond,  Hyde  Park, 167 

Spring  pond,  Peabody, 2G5,  2CG,  683,  745 

SPItIN(il*IKLD  : 

description  of  water  works, 296-298 

analyses  of  water, 298-306 

temperature  of  water, 660,  663 

Ludlow  reservoir,      .         .     297-301,  649,  GGO,  GG3,  C84,  743,  746,  748,  767-773 

Loni])ard  reservoir, 297,  298,  303,  085 

Van  Horn  reservoir, 297,  298,  304,  685,  G95 

Axe  Factory  brook,  Ludlow,    .        .        .      • 297 

Broad  brook,  Ludlow^ 297,  302 

Higher  brook,  Ludlow, 297,  302 

Dingle  brook, 96 

Connecticut  river  at, 418,419 

Springs  : 

number  of,  used  as  sources  of  public  water  supply,        ....      627 

temperature  of  water  of, 671-673 

organisms  in  water  of, 603-608 

See  also  (iruund  Waters. 
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Springs —  Continued. 

The  following  la  a  list  of  all  the  spiingt  referred  to  in  this  volume.    They  are  more 

completely  iodexed  by  towns. 

Page 

Agawam 9,  702 

Amherst, 11,12,702 

Arlington, ' 16 

Avon, 25 

Bridge  water  State  farm, 71 

Cheshire, 94 

Chlcopee, 99-101,  706,  708 

Gill, 136 

Grafton, 189,  706 

Leicester,  ....  186 

Maiden, 212,  216,  216,  776 

Mansfield 217 

Mlllbury 229 

Needham, 237 

Newburyport, 241 

Northbridge, 259 

Orange, 263,702 

Pelhara, 12 

Shelburne, 291 

Stockbridge, 306 

Tlsbury, 320 

Uxbridge, 321 

Warren, 332,  702 

Welleslcy, 343 

West  BrookHeld, 351-353 

Williamstowu, 362,  363,  702,  776 

Winchendon, 363 

Spy  pond,  Arlington, 17 

Stacy*s  brook,  Swanipscott, 310,  313,  314,  790 

Stagnation  In  deep  ponds, 749-767 

Stand-pipes.     See  Tanks. 

Standards : 

of  purity  of  water, 636,646,646,647,577,686 

for  determining  color, 531,  532 

for  reading  colors  for  nesslerization, 626 

State  almshouse,  Tewk8bui*y,  water  supply  of,      ...        .       318,  319,  684 

State  farm,  Bridge  water,  water  supply  of 69-72 

State  primary  school,  Monson,  water  supply  of, 230 

Statistics,  collection  of  water  supply, 623-625 

summary  of, 626-628 

of  flow  of  streams, 655-658 

of  rainfall, 628-664 

of  temperature  of  air  and  water, 659-676 

Steams,  F.  P.,  engineer: 

summary  of  water  supply  statistics,  also  records  of  rainfall,  flow  of 

streams  and  temperatures  of  air  and  water, ....        621-676 

discussion  of  special  topics  relating  to  quality  of  public  water  supplies,  717-781 

report  on  pollution  and  self  purification  of  streams,      .        .        .        785-802 
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sterling : 

Storage  reservoir,  Clinton  water  works, 102-104 

See  also  Clinton. 

Ileywood's  brook, 102 

lley wood's  pond, 104 

Lynde's  brook, 102 

Wekepeke  brook,       . 101,102 

Stillwater  river, 467 

Stockbridge,  water  supply  of, 300-308 

Hagar  pond,  or  Mohawk  lake, 307 

Lake  Malikeenac,  or  Stockbridge  bowl, .      308 

Stoneham,  description  of  water  works, 322 

analyses  of  water, 322,  323 

Doleful  pond, 212 

Crystal  lake  or  Smith  pond,  Wakefield,  ....        322,  323,  G85,  745 
See  also  Wakejield. 

Spot  pond, 211-214 

See  Maiden. 

Winchester  storage  reservoir, 364,  365 

Stouy  brook,  Boston, 490-493 

Stony  brook,  Southborough,  Boston  water  works,        .        .        .        .        .  45,  46 
See  also  Boston^  CochitucUe  Works. 

Stony  brook  reservoir,  Cambridge  water  works, 86-91 

See  also  Cambridge. 
Storage : 

of  ground  waters,  in  open  distributing  reservoirs,         560,  725-728,  730-734 

in  open  tanks, 729,  730 

in  covered  reservoirs  and  tanks, 728,  729 

experiment  at  Hyde  Park, 730-734 

of  surface  waters,  in  open  distributing  reservoirs,  .        .        .        720-725 

in  open  tanks, 725 

in  large  reservoirs  or  ponds, 734-749 

eflect  of,  on  chemical  character  of  waters, 738-740 

effect  of,  on  color, 735-738 

eflect  of,  on  ([uality  of  water, 718-749 

eflect  of,  on  tastes  and  odors, 740-749 

in  deep  ponds,  eflect  of, 749-767 

Storage  reservoirs.     See  lieservoirs,  Storage. 

Stoughton,  water  supply  of, 308,309,705,710,711 

Beaver  brook, 93 

Stow,  White  pond, 221 

Streams :  • 

description  of  river  basins;  chemical  and  biological  examinations  of 

the  waters, 379-516 

explanatory  note  on  examinations  of, 381 

number  of ,  used  as  sources  of  public  water  supply 627 

flow  of, 655-658 

diagram  of, 657 

as  sources  of  water  supply, 556,  603,  740 

organisms  in, 603-608 

poUution  and  self  purification  of, 785-802 

See  also  Surface  Waters. 
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Streams  —  Continued. 

The  following  is  a  liBt  of  all  the  streams  referred  to  in  this  volume.    They  are  more  completely 

indexed  ander  the  name  of  the  stream,  or  of  the  town  in  which  It  Is  sllaated  or  to  whose  water 

supply  it  contributes. 

Paob 

Abbajoua  river, 36 

Acuslmet  river, 287,  238 

Ametliyst  broolc,  Pelliam,  .        .        . 11,12 

Ashley  brook,  Pittsfield, 268 

Assabet  river, 410-414 

Axe  Factory  broolt,  Ludlow, 297 

Bassett  brook, 7-8 

Beaver  brook,  East  Bridgewater, 497 

Beaver  brook,  Canton, 93 

Beaver  brook,  Dracut, 116 

Beaver  Dam  brook,  Natick, 49,  60 

Blackstone  river, 383-392 

Bray  brook,  Holyoke, 163 

Broad  brook,  Ludlow, 297,  302 

Broad  brook,  Pownal,  Vt., 249,  261 

Buckman  brook,  Atbol, 19,  20 

Buttery  brook,  South  Hadley, 294,  295 

Cauoe  river,  Mansfield, 217 

Center  brook,  Richmond, 285 

Charles  river, 393-405 

Chicopee  river, 406-410 

Coaclilace  brook,  Clinton, 479 

Coddin«5  brook,  Lee, 184 

Cohasset  brook, 107 

Cold  Harbor  brook,  Shrewsbury, 258 

Coleman's  brook,  Norwood, 260 

Concord  river, 410-415 

Connecticut  river, 415-419 

Crystal  !)rook,  Saugus 281,  289 

Darby  brook,  West  Springfield, 355 

Deerfleld  river, 420 

Dingle  brook,  Springfield, 96 

Dry  brook,  Adams, 7,  8 

Egypt  brook,  Dalton, 110,111,683 

Falulah  brook,  Fitchburg, 122,  123 

Flag  brook,  Crockerville, 473,  474 

Foundry  brook,  Norwood, 260 

Glen  brook,  Lcyden, 142 

Green  river,  Great  Barrlngtou, 141,  142 

Hawkes  brook,  Lynn, 201-203,  206,  207 

Haynes  brook,  Leominster, 187 

Hey  wood's  brook,  Sterling, 102 

Higher  brook,  Ludlow, 297,  302 

Hinsdale  brook, 152 

Hoosac  river, 420-428 

Housatonic  river, 428-438 

Hudson  brook,  Clarksburg, 426 

Ipswich  river, 438-440 

Jones  river, 171 
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Streams  —  Continued, 

Kettle  brook,  Paxton, 185 

Lynde  brook,  Leicester, 871,372 

Lynde's  brook,  Sterling, 102 

Martin's  brook.  North  Reading, 440 

Matfleld  river, 496,  497 

Meadow  brook.  East  Bridgewater, 497-500 

Merrimack  river, 440-462 

Miles  river, 439 

Mill  brook,  Worcester, 388 

Mill  river,  Taunton, 495-497 

Miller's  river, :        .        .        .        .        462-467 

Mine  brook,  Franklin, 131,  183 

Monoosnoc  brook,  Leominster, 468,  475 

Moose  meadow  brook,  Montgomery, 853--355 

Morse  brook,  Leominster, 187 

Mother  brook,  Dedham, 393,  405,  482,  656 

Muddy  brook.  Ware, 832 

Nashua  river, 467-482 

Nemasket  river 495-497,  503-505 

Neponset  river, ;        482-487 

Nevin's  brook.  Gill, 186 

Nookagee  river,  West  Fitchburg, 474 

North  brook,  Lexington, 18,  16 

Notch  brook.  North  Adams 249,  250,  686 

Otter  river,  Gardner, 464 

Pegan  brook,  Natick, 790 

Pemigewasset  river, .        .        .      442 

Penny  brook,  Lynn, 201-203,  207 

Quaboag  river, 406,  407 

Quarter-of-a-raile  brook,  Leominster,       .        .         .        .     '   .        .        .187 

Quequechan  river.  Fall  River, 120 

Queset  river,  Easton 118 

Qninnepoxet  river, 467 

Roberts'  meadow  brook,  Northampton, 251,  252 

Rosemary  brook,  Wellesley, 343,  346 

Sackett  brook,  PIttsfteld, 268 

Salisbury  Plain  river, 496-499 

Salisbury  brook, 74 

Sapoo  brook,  Sharon, 291 

Satucket  river, 490,  497,  501 

Saugus  river, 201 

Scott  brook,  Fitchburg, 122,  123 

Seven  Mile  river,  Spencer, 407 

Shattuck  brook,  Fitchburg, 123 

Shawsheen  river, 487-489 

Shumatuscacaut  river.  Whitman 497 

Stacy's  brook,  Swampscott, 310,  313,  314,  790 

State  almshouse  brook,  Tewksbury,         .        .        .        -  „      -        •        •       684 

Stillwater  river, 467 

Stony  brook,  Boston, 490-493 
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Streams —  Conclmlrd. 

Stony  brook,  Cambrklge  water  works, 86-88,  91 

Stony  brook,  Southborougb, 45,  46 

Siulbiiry  river 29-32,  42,  43,  410-412,  066-668 

Swift  river, 406,  407 

Tannery  brook,  Ilolyoke, 158,  164 

Tatnuck  brook,  Ilolden, 871,  372 

Taunton  river, 493-510 

Ten  Mile  river, 610-514 

Three  Mile  river, 496 

Town  river 496,  497,  601,  602 

Town  brook,  Quincy, 275-277 

Ware  river 406,  407 

Wekepeke  brook,  Sterlln^r, 101,  102 

Wellin<j:ton  brook,  Belmont, 88 

Westtlcld- river, 614-616 

Whiting  Street  brook,  Holyoke, 153,  165,  166,  684 

Whitman's  river,  Fitchbarg, 473,  474 

Williams  river,  Ixjnox, 185 

Winetuxet  river, 496,  497,  602 

Wiunipiseogee  river, 442 

Yoken  river,  Ivcnox, 186 

Sudbury  river : 

description  of, 29-32,  410-412 

drainage  area,  population,  etc.,  of  basio, 411 

flow  of, 665-658 

See  also  Boston y  Cochituate  Works, 

Summary  of  water  supply  statistics, 626-628 

Suntaug  lake,  Lynnfleld, 211 

Surface  Waters  : 

chemist's  report  on  interpretation  of  analyses  of ,  .        .        .        .       539-569 
eft'ect  of  sewage  contamination  upon,       .        .        .        .         661,  688-690,  789 

normal  and  polluted, 640,  641 

natural  flltratlon  of, 773-781 

special  characteristics  of  certain, 767-773 

classiflcation  of, 682-702,  742 

effect  of  storage  of,  in  large  reservoirs  or  ponds,    ....       734-749 

in  open  distributing  reservoirs, 720-725 

in  open  tanks, 725 

number  of,  used  as  sources  of  public  water  supply,        ....      627 

temperature  of, 660-671 

temperature  of,  as  delivered  to  consumers, 674 

organisms  in, 603-608 

seasonal  distribution  of, 697-600 

report  upon  the, .        679-620 

growth  of  sponges  in, 614-620 

Sec  also  M'ater,  Ponds,  Lakes,  JReservoirs  and  Streams. 

Swamps,  effect  of,  on  chemical  composition  of  water,  .        .        .       666,  667,  686 

Swampscott,  description  of  water  works, 309,  310 

analvses  of  water, 310-314 

temperature  of  water 673,  675 
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Swampscott — Concluded. 

references  to 715,  729.  730 

Stacy's  brook, 310,  313,  814,  790 

Swan's  pond.  North  Reading, Ill 

Swift  river, 406, 407 

Synedra  in  Jamaica  pond, 7C4 

T. 

Tanks  : 

ground  waters  stored  In, 729,  730 

surface  waters  stored  in, 725 

temperature  of  ground  water  in, 675 

Abington  and  Rockland, 6 

Attleborough, 22 

Braintree, •  .        .  64-66 

Bridgewater, 67 

Bridgewater  State  farm, 84,  85 

Brookline, 79,  80 

Cambridge 88 

Canton, 93 

Chicopee  central  fire  district, 96 

Dedliam, 114 

Easton,  North  Easton  village  district, 118 

Everett, 119 

Fall  River, 120 

Franklin, 132 

Grafton, .        .         .130 

Haverhill, U4 

Holbrook, 279 

Hopkinton, 159 

Hull 149 

Hyde  Park, 660 

Lexington, 191 

Maiden, .212 

Mansfield, 217 

Middleborough, 224,  225 

Nantucket, 232,  233 

New  Bedford, 238 

Newbury  port, 241 

North  Attleborough, 254-256 

North  Easton  village  district, 118 

Peabody, 165 

Quincy, 276 

Randolph, 279 

Rockland, 6 

Sharon, 289,  290 

Stoneham, 322 

Stonghton, 308 

Swampscott,  Marblehead  Water  Company, 310,312 

Tewksbury  almshouse, 318 


INDEX.  851 

PA6E 

Tanks  —  ConrhuJed. 

Tisbury, 820 

Wakefield 822 

Watertown  and  Belmont,         ........       833,  835 

Westborough  insane  hospital, 349 

Weymouth, 357, 858 

Whitman, 369 

Tannery  brook,  Ilolyoke, 153,  164 

Tashmoo  spring,  Tisbury, 820 

Tastes,  of  surface  waters,  effect  of  storage  on, 740 

Tatnuck  brook  storage  reservoir,  Holden,      .  871,  872,  876,  876,  878,  660,  6.S3 

distributing  reservoir, .       872, 877 

Taunton,  description  of  water  works, 814 

analyses  of  water, 316-817 

dally  rainfall  at, 630-664 

filter-basin, 816,  816,  672,  673,  706,  718,  714 

Taunton  river  at, 609,  610,  686,  714 

Mill  river, 495,  497 

Taunton  Kiver: 

description  of  river  basin, 493-498 

analyses  of  water  of, 498-510 

drainage  areas  and  population  in  basin, 496,  497 

flow  of,  at  Brldgewater, 495 

manufactures  in  basin, 493,  494 

analyses  of  water  of : 

at  Brldgewater, 506-609 

at  Taunton, 609,  610 

Temperatuhk,  effect  of,  on  the  determination  of  ammonia  by  nessleriza- 

tion, 626 

of  air  and  water, 669-676 

diagram  sliowlng  normal, 663 

of  ground  waters, 671-673 

of  surface  waters, 660-671 

of  water  as  delivered  to  consumers, 673-675 

of  Jamaica  pond  at  different  depths,         ....         664-667,761,762 
table  of,  at  different  depths  in  Mystic  lake,  Jamaica  pond,  Wenham 

lake,  Waban  lake,  and  Keservoirs  8,  and  4,  Boston  water  works,      669 

effect  of  depth  on, 664-670 

Ten  Mile  river, 610-514 

Tewksbury,  State  almshouse,  description  of  water  works,    ....      818 

analyses  of  water, 318,  819 

reference  to, 684 

Three  Mile  river,  description  of, 495 

Tisbury,  description  of  water  works, 320 

analyses  of  water, 320 

Town  brook,  Braintree  and  Qulncy, 276-278 

Town  river 496,  497,  501,  502 

Towns  and  cities  having  public  water  supplies, 626-628 

Transportation  of  bottles  and  samples  of  water, 520 

Tubular  wells.     See  Wells, 
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Turbidity,  interpretation  of,  in  surface  waters, 566 

method  of  determination  of, 632 

Turner's  Falls  fire  district,  Montague,  description  of  water  works,      .       230,  231 

analyses  of  water, 231,  232 

Connecticut  river  at, 416-418 

Tyng's  pond,  Tyngsborough, 320 

u. 

Upper  Mystic  lake, 36-37,  59,  60 

See  Boston,  Mystic  Works. 

Upper  Naukeag  pond,  Ashburnham, 19,  749 

Uxbridge,  water  supply  of 321,672,702 

Blackstone  river  at,  drainage  area,  etc.,  of, 384 

flow  of, 892,  656 

analyses  of .        388-390 

pollution  and  self  purification  of,         ....         790,  792,  793-798 


Y. 

Van  Horn  reservoir,  Springfield, 297,  298,  304 

See  also  Sprint/Jield. 

Vegetable  growth,  purification  of  water  by, 691 

Vineyard  Haven,  Tisbury,  water  supply  of, 320 


Wabap  lake,  Wellesley, 347,  009,  705,  706 

Wakefield,  water  supply  of, 322,  323,  685,  745 

Crystal  lake,  or  Smith  pond, 322,  323,  685,  745 

Lake  Quannapo\vitt, 323 

Walden  pond,  Lynn, 201-203 

Wallace  pond,  Gloucester, 136 

Waltham,  description  of  water  works, 324 

analyses  of  water, 324-329 

temperature  of  water, •    .        .        .        .       072,  073 

references  to, 705,  708 

Charles  river  at, 327-329,  394,  401,  402 

Stony  brook  reservoir,  Cambridge  water  works, 80-90 

See  also  Cn)nhH<hje. 
Wannacomet  pond,  Nantucket,        .        .        .        .        .        .        .        .       232,  233 

See  also  Xantucket. 

Ware,  description  of  water  works, 329 

analyses  of  water, 330-332 

temperature  of  water, 672 

references  to, 705,  710,  725-728 

Muddy  brook, 332 

Ware  river, 406,  407 

Warner's  pond,  Concord, 110 

Warren,  water  supply  of, 332,  333,  702 
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Warren  Aqueduct  Company, 332,  333 

Warrington,  method  of  determination  of  nitrogen  as  nitrites,      .        .       527,  528 

WashiuKton,  Ashley  lake, 208,  2C9 

Watkk  : 079 

normal  and  polluted  surface  waters, 540 

classification  of  drinkinpr  waters, 077-710 

purification  of,  by  filtration 700-708 

standards  of  purity  of, 635,  545-547,  677,  080 

healthfulness  of 535-538,  545-549,  710 

general  characteristics  of  surface  and  ground  waters,    .        639,  540,  509,  570 
chemical  examination  of,  and  interpretation  of  analyses,       .        .       517-578 

methods  of  analysis  of, 522-532 

analyses  of,  explanatory  note  on 3-5 

interpretation  of  analyses  of, 533-578 

permanence  of  albuminoid  ammonia  In  brown  waters,    ....      547 

methods  of  microscopical  examinations  of, 681-583 

bacteria  in, 637,575,670,781,782 

report  upon  the  organisms  in, 579-020 

relation  of  organisms  and  odors  in,  ....         508,509,583-587 

purification  of,  rendered  impure  by  organic  growths,     .        .        .       009-014 
distribution  of  organisms  in  waters  variously  situated,  .        .        .       001-008 

seasonal  distribution  of  organisms  in, 597-000 

temperature  of, 059-070 

diagram  of  normal, 003 

diagram  showing  comparative,  of  water  and  sewage,  .        .      070 

See  also  AnahjsiSy  Chemical^  Surface  waters^  Ground  iraters. 
Water  companies,  number  and  population  of  cities  and  towns  supplied  by, .      028 

Water,  rain,  chemical  analysis  of, 502 

interpretation  of  free  ammonia  in, 503,  504 

storage  of,  in  cisterns, 503,  504 

Water  supplies,  chemical  and  biological  examinations  of ,     .        .        .        .  3-378 

collection  of  statistics  of, 023-025 

summary  of  statistics, 620-028 

numl)er  of  cities  and  towns  having, 02(> 

number  and  kinds  of  sources  of, 027 

date  of  Introduction  of,  into  towns  and  cities, 028 

discussion  of  special  topics  relating  to, 718-781 

growth  of  sponge  in, 014-020 

Water  supply  district.    See  Fire  Duttrict. 

Water  works,  descriptions  of, 3-378 

number  of,  in  towns  and  cities, 020,  027 

ow^nership  of, 028 

date  of  construction  of,  in  towns  and  cities, 028 

Watersheds,  population,  area,  etc.,  explanatory  notes  on,     .        .        .        .  3,  381 

Watertown,  description  of  water  works, 333 

analyses  of  water 334-337 

temperature  of  water, 072 

references  to, 705,  710,  729,  730 

Charles  river  at,  drainage  area,  etc. , 894 

flow  of, 406,  651 

analyses  of  water  of, 403,  404 
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Watuppa  lake,  Fall  River, 120-122,  684,  745 

Waushakum  pond,  Sherborn, 291,  292,  685,  745 

Wayland,  description  of  water  works, 337 

analyses  of  water, 338-340 

temperature  of  water, 662 

references  to,    .        .        .        .        .        .        .  683,  706,  713,  714,  746,  777-781 

Dudley  pond, 55 

See  also  Boston ^  CochUuate  Works. 

Lake  Cochituate, 82-34,  51,  52 

See  also  Boston,  Cochituate  Works. 

Webster,  description  of  water  works, 340,  341 

analyses  of  water, 341,  342 

references  to, 342,  684,  745 

Webster  park,  Maiden, 211,212,215,216 

We])stcr's  pond,  Gloucester, 189 

Wekepeke  brook.  Sterling 101,102 

Weir  village,  Taunton,  Taunton  river,    ; 497 

Wellesley,  description  of  water  works, 343 

analyses  of  water, 343-347 

references  to, 672, 708,  728 

Rosemary  brook, 343, 346 

Waban  lake, 347 

analyses  of  water, 347,  765,  766 

table  showing  temperature  at  different  depths, 669 

Wellington  brook,  Belmont, 88 

Wklls  : 

organisms  in, 603-608 

number  of,  used  as  sources  of  public  water  supply,        ....      627 

temperature  of  wat^r  in 671-673 

See  also  (r round  xcaters. 

The  following  is  a  list  of  nil  the  lariure  wellif  referred  to  in  this  volume.    They  are 

more  oouiplet<?ly  indexed  by  towns. 

Amherst, 11,  12 

Attlcborough, 22,  23 

Ayer, 25,  26 

Bridgewatcr, 67,  68 

Canton, 93 

Chicopee, 96 

Dedham, 114,  115 

Easton,  North  Easton  village  district, 118,119 

Franklin, 131,  132 

Kingston, 168,169,171 

Mansfield 217 

Middleborough, 223-226 

Milford, 227,  228 

Newburyport, 241,  242 

North  Attlcborough, 254,  255 

Quincy 275,  276 

Revere, 281-283 

Sharon,      289,  290 

Stoughton, 308, 309 


INDEX. 


855 


Paok 

310,  311 
.       310 

329,  330 

332,  333 
.       343 

362,  353 

The  following;  in  a  HmI  of  iili  the  tubular  wclln  rcfitrred  to  iu  thU  volume.    Mutty  of  them  are 
UHL'd  111  conjuiiclioQ  wiUi  hirji^*  wcIIm,  Hlt^tr-t^alluricM  and  flltor-bu^ius. 

Amesbury, 9,  10 

Attleborough, 22,  23 

Bridgowater, 07,  68 

Clinton, 93 


Wklij?  —  (Jtnicludnl, 
Swrtinpsrott, 

Towksbury,  Stntti  almshouse, 
Ware,         .... 
Warren,     .... 
Wellesley, 
West  BrookOeld, 


ColiiLsset 

Concord,  Massachusetts  reformatory, 

Grafton, 

Ilopkhiton, 

Hyde  Park, 

Loxingt<m, 

Lynn, 

Maiden, 

Mill!)ury  (test  well). 


104-100 
109,  110 

.       139 

158-160 
103,  164 
191,  192 

.  203 
211,  212,  215,  210 

.       229 


Newton, 243,  247 

North  Adams, r       .       249,  260 

Pro vincetown  (test  well), 274,276 

Kevere,      281-283 

Salem  (test  well), 218 

Saugus  (test  well) , 289 

Stockbrldge, 306 

Swampscott,  Marblehead  Water  Company, 310,  311 

Taunton  (test  \vell), 814,317 

Watcrtown, 336 

Westborough  insane  hospital, 340,  360 

Winchendon  (test  well) 363 

Wenhani  lake,  Wenham  and  Beverly,  Salem  water  works,  .  .  285,  280,  287 
See  also  Salem. 

Westborough,  description  of  water  works, 347,  848 

analyses  of  water, 848 

Sandra  pond, 347,  848,  686,  698,  746 

Chauncy  pond,  references  to, 361,  661,  746 

Westborough  insane  hospital,  description  of  water  works,  ....      349 

analyses  of  water, 349-361 

temperature  of  water, 672 

West  Brookfleld,  water  supply  of, 851-353 

Westtlcld,  description  of  water  works, 853,  864 

analyses  of  water, 864,  366 

references  to, " 353-355,  683,  747 

Westfleld  river, 514,616 

West  Fitchburg,  Nashua  river, 408,  474 

Nookagee  river, 474 

West  Gloucester,  reservoirs, 136-188 
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Westhainptou,  Koberts*  meadow  brook, 

Weston,  Stx)ny  brook  reservoir,  Cambridge  water  work 

West  Roxbury,  Charles  river  at,     . 

fllter-gallery,  Brookllne  water  works, 

Stony  brook, 

West  Springfield,  description  of  wat^r  works 
analyses  of  water,     .... 

references  to 

Weymouth,  description  of  water  works, 
analyses  of  water,     .... 

Great  pond, 

AVliite  pond,  Hudson  and  Stow, 
Whiting's  pond.  North  Attleborough,     . 
Whiting  Street  brook,  Holyoke, 
Whitinsvllle,  water  supply  of. 
Whitman,  description  of  water  works,  . 
analyses  of  water,     . 

references  to, 

Hobart*s  pond,  description  of, 

analyses  of, 

references  to, 

Satucket  river, 

Shumatuscacant  river. 
Whitman's  river,  Crocker\'ille, 
Wholesomeness,  of  water, 

of  brown  waters,      .... 

of  rain-water, 

of  hard  waters,         .... 
See  also  HeaJthfulness. 
Williams  Lake.  Marlborough, 

See  also  Marlborough. 
Williams  river,  Lenox,    .... 
Williams  spring,  Wellcsley,    . 
Williamstowu,  wat-er  supply  of, 

Hoosac  river  at,        ...        . 
Wllllston  pond,  Easthampton, 
Wilmington,  Shawsheen  river, 
Winchendon,  water  supply  of, 

MIller*s  river  at,       ...        . 
Winchester,  description  of  water  works, 
analyses  of  water,     .... 
temperature  of  water, 

references  to, 

Upper  Mystic  lake.    See  Boston,  3ffjstic 

Winter  pond, 

Wind,  eflTect  of,  on  circulation, 

effect  of,  on  temperature  of  water  in  ponds, 

WInetuxet  river, 

Winnlpiseogee  lake,  Lake  Village,  N.  H., 
Windsor  locks,  Conn.,  Connecticut  river  at 
Winter  pond,  Winchester, 


Work 


85, 


086, 


698, 


Page 

251,  252 

.89,90 

86,  394,  398,  399 

.  81,  82 

490-493 

355,356 

356 

355,  684,  746 

856,  357 

857,358 

685,745 

221 

254,  256,  257,  512 
153,  155,  156,  684 
259 
358,  359 
359^61 
13,  714,  781 
359 
360,361 
714,  777-779 
496 
497 
473,  474 
535-538 
647-549 
.  563 
.       565 


705,  7 


699, 


218-220 

.       185 
343 

362,  363,  702,  776 
422,  427,  428 
116,  746 
487-489 
.       363 
465 
364 
364-366 
661 
685,  606,  746 


306 
607-670 

667 
496.  497,  502 
442-448,  745 

416 

366 


I 
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Wlnthrop,  wat^ir  supply  of.     Sec  Revere 
WithereU's  pond,  Wrcnthani, . 
Wobnrn,  description  of  water  works, 
analyses  of  water,     . 
temperature  of  water, 
references  to,    . 
Horn  pond,  description  of, 
analyses  of  water, 
temperature  of  water,  . 
heights  of  water  In, 
references  to, 
Woods  pond,  Ludlow,    . 
Worcf:8ter,  description  of  water  works, 
analyses  of  water,     . 
temperature  of  water  in  reservoirs, 
height  of  water  in  resen-oira.  . 
references  to,    . 

Holden  or  Tatnuck  brook  reser\'oir, 
T^icester  or  Lynde  brook  reservoir, 
Bell  pond,  ..... 

Hunt  reservoir,  .         .        .        , 

Mill  brook,        .... 
Blackstone  river  at,  analyses  of  water  of 
flow  of,  .... 

pollution  and  self  purification  of, 
analyses  of  sewage  of, 
Wrentham,  WithereU's  pond, 
Wright  pond,  Ilolyoke,  . 
See  also  llulyuke. 


511 

306,  3G7 

307-371 

672,  673,  675 

705, 

712,  725-728,  774,  777 

366,  367 

369-371 

.   061 

.   371 

601, 

562,  744,  776,  778,  779 

.   200 

371,  372 

373-378 

.   660 

.   378 

683,  684,  723-725,  747 

;i71,  372, 

875-377,  660,  683,  747 

371 -.'175, 

660,  683,  723-725,  747 

372-378 

372,  374,  375,  723-725 

.   383 

387,388 

.   392 

793-798 

787 

.   511 

152,  153,  166,  157 

Yokeu  river,  Lenox, 
York  pond.  Canton, 


Y. 


185 
93,  94 
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